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Keep safety first in your circuit designs! 


+ Renesas Technology Corporation puts the maximum effort into making semiconductor prod- 
ucts better and more reliable, but there is always the possibility that trouble may occur with 
them. Trouble with semiconductors may lead to personal injury, fire or property damage. 
Remember to give due consideration to safety when making your circuit designs, with ap- 
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non- 
flammable material or (iii) prevention against any malfunction or mishap. 













Notes regarding these materials 


These materials are intended as a reference to assist our customers in the selection of the 
Renesas Technology Corporation product best suited to the customer's application; they do 
not convey any license under any intellectual property rights, or any other rights, belonging 
to Renesas Technology Corporation or a third party. 

Renesas Technology Corporation assumes no responsibility for any damage, or infringe- 
ment of any third-party's rights, originating in the use of any product data, diagrams, charts, 
programs, algorithms, or circuit application examples contained in these materials. 

All information contained in these materials, including product data, diagrams, charts, pro- 
grams and algorithms represents information on products at the time of publication of these 
materials, and are subject to change by Renesas Technology Corporation without notice 
due to product improvements or other reasons. It is therefore recommended that custom- 
ers contact Renesas Technology Corporation or an authorized Renesas Technology Cor- 
poration product distributor for the latest product information before purchasing a product 
listed herein. 

The information described here may contain technical inaccuracies or typographical errors. 
Renesas Technology Corporation assumes no responsibility for any damage, liability, or 
other loss rising from these inaccuracies or errors. 

Please also pay attention to information published by Renesas Technology Corporation by 
various means, including the Renesas Technology Corporation Semiconductor home page 
(http://www.renesas.com). 

When using any or all of the information contained in these materials, including product 
data, diagrams, charts, programs, and algorithms, please be sure to evaluate all informa- 
tion as a total system before making a final decision on the applicability of the information 
and products. Renesas Technology Corporation assumes no responsibility for any dam- 
age, liability or other loss resulting from the information contained herein. 

Renesas Technology Corporation semiconductors are not designed or manufactured for 
use in a device or system that is used under circumstances in which human life is poten- 
tially at stake. Please contact Renesas Technology Corporation or an authorized Renesas 
Technology Corporation product distributor when considering the use of a product con- 
tained herein for any specific purposes, such as apparatus or systems for transportation, 
vehicular, medical, aerospace, nuclear, or undersea repeater use. 

The prior written approval of Renesas Technology Corporation is necessary to reprint or 
reproduce in whole or in part these materials. 

If these products or technologies are subject to the Japanese export control restrictions, 
they must be exported under a license from the Japanese government and cannot be im- 
ported into a country other than the approved destination. 

Any diversion or reexport contrary to the export control laws and regulations of Japan and/ 
or the country of destination is prohibited. 

Please contact Renesas Technology Corporation for further details on these materials or t 
he products contained therein. 


How to Use This Manual 


This hardware manual provides detailed information on features in the M16C/62 Group 
(M16C/62P) microcomputer. 


Users are expected to have basic knowledge of electric circuits, logical circuits and micro- 
computer. 


Each register diagram contains bit functions with the following symbols and descriptions. 
























ra 
XXX register 
b7_b6_b5_b4_b3_b2 bi bd Symbol Address After reset 
XXX XXX 0016 
Bit symbol Bit name Function RW *9 
PLL xxxo | Xxx bit Tos 
0 1: XXX LJ 
' 1 0: Avoid this setting 
e=-J  XXX1 11: XXX RW 
— Nothing is assigned. 
ae (b2) When write, should set to "0". When read, its content is indeterminate.}| — 
ebccstcaced (b3) Reserved bit Should set to "0" RW 3 
to eae Asad XXX4 XXX bit Function varies depending on each RW 
operation mode 
Baht epiile, XXX5 wo 
irre eer renee | XXX6 RW 
Se ee ee ne er a . 0: XXX 
XXX7 XXX bit 1: XXX RO 
“4 
Blank:Set to "0" or "1" according to your intended use 
0: Set to "0" 
1: Set to "1" 
Xx: Nothing is assigned 
*2 
RW: Read and write 
RO: Read only 
WO: Write only 
= Nothing is assigned 
*3 


Terms to use here are explained as follows. 

* Nothing is assigned 
Nothing is assigned to the bit concerned. When write, set to "0" for new function 
in future plan. 

« Reserved bit 
Reserved bit. Set the specified value. 

« Avoid this setting 
The operation at having selected is not guaranteed. 

¢ Function varies depending on each operation mode 
Bit function varies depending on peripheral function mode. 
Refer to register diagrams in each mode. 
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Short Sheet Hardware overview 





Data Sheet Hardware overview and electrical characteristics 





Hardware Manual Hardware specifications (pin assignments, 
memory maps, specifications of peripheral func- 
tions, electrical characteristics, timing charts) 





Software Manual Detailed description about instructions and mi- 
crocomputer performance by each instruction 





Application Note * Application examples of peripheral functions 

* Sample programs 

¢ Introductory description about basic functions in 
M16C family 

* Programming method with the assembly and C 
languages 
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Address Register Symbol Page Address Register Symbol | Page 
000016 004016 
000116 004116 
000216 004216 
000316 0043:16 
000416 | Processor mode register 0 PMO 30 004416 |INT3 interrupt control register INT3IC 81 
000516 | Processor mode register 1 PM1 31 004516 | Timer B5 interrupt control register TB5IC 81 
000616 | System clock control register 0 CMO 53 004616 | Timer B4 interrupt control register, TBAIC, 81 
000716 | System clock control register 1 CM1 54 UART1 BUS collision detection interrupt control register] U1 BONIC 
000816 _| Chip select control register CSR 34 004716 | Timer B3 interrupt control register, TBSIC, 81 
000916 | Address match interrupt enable register | AIER 92 UARTO BUS collision detection interrupt control register] UOBCNIC 
000A16 | Protect register PRCR 74 004816 | SI/O4 interrupt control register SAIC, 81 
000Bis | Data bank register DBR 44 INT5 interrupt control register INT5IC 
000C:s | Oscillation stop detection register CM2 55 004916 | SI/O3 interrupt control register, S3IC, 81 
000D16 INT4 interrupt control register INT41C 
000E16 | Watchdog timer start register WDTS 94 004A16 | UART2 Bus collision detection interrupt control register | BCNIC. 81 
000Fis | Watchdog timer control register WDC 24, 94 004B16 | DMAO interrupt control register DMOIC 81 
001016 004C16 |DMA1 interrupt control register DM1IC 81 
001116 | Address match interrupt register 0 RMADO 92 004D16 | Key input interrupt control register KUPIC 81 
001216 004E1s |A-D conversion interrupt control register_| ADIC 81 
001316 004F1s |UART2 transmit interrupt control register S2TIC 81 
001416 005016 _| UART2 receive interrupt control register S2RIC 81 
001516 | Address match interrupt register 1 RMAD1 92 005116 | UARTO transmit interrupt control register SOTIC 81 
001616 005216 | UARTO receive interrupt control register SORIC 81 
001716 005316 | UART1 transmit interrupt control register S1TIC 81 
001816 005416 | UART1 receive interrupt control register S1RIC 81 
001916 | Voltage detection register 1 VCRI1 25 005516 _| Timer AO interrupt control register TAOIC 81 
001Ais | Voltage detection register 2 VCR2 25 005616 | Timer A1 interrupt control register TAIIC 81 
001B16 | Chip select expansion control register__| CSE 40 005716 | Timer A2 interrupt control register TA2IC 81 
001C1s | PLL control register 0 PLCO 57 005816 | Timer A3 interrupt control register TASIC 81 
001Di6 005916 | Timer A4 interrupt control register TA4IC 81 
001E16 | Processor mode register 2 PM2 56 005A16 | Timer BO interrupt control register TBOIC 81 
001F:s | Voltage down detection interrupt register | D4INT 25 005B16 | Timer B1 interrupt control register TB1IC 81 
002016 005C:s | Timer B2 interrupt control register TB2IC 81 
002116 | DMAO source pointer SARO 99 005D16 | INTO interrupt control register INTOIC 81 
002216 005E16 |INT1 interrupt control register INT1IC 81 
002316 005Fis |INT2 interrupt control register INT2IC 81 
002416 006016 
002516 | DMAO destination pointer DARO 99 006116 
002616 006216 
002716 0063i6 
0028'6 | DMAO transfer counter TCRO 99 — 
002916 006516 
002A16 006616 
002Bi6 006716 
002C16 | DMAO control register DMOCON 98 006816 
002D16 006916 
002E16 O06Ai6 
002F 16 O06Bi6 
003016 006Ci6 
003116 | DMA1 source pointer SAR1 99: 006Di6 
003216 O06Et6 
003316 O06Fi6 
003416 007016 
003516 | DMA1 destination pointer DAR1 99 007116 
003616 007216 
003716 007316 
0938: | DMA1 transfer counter TCR1 99 oo7tis 
003916 007516 
003A16 007616 
003Bi6 007716 
003C16 | DMA1 control register DM1CON 98 007816 
003Di6 007916 
003E16 007Ai6 
003F 16 007Bi6 
Note: The blank areas are reserved and cannot be accessed by users. — 
16 
OO7E16 
007Fi6 
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Address Register Symbol Page Address Register Symbol Page 
008016 03401. | Timer B3, 4, 5 count start flag TBSR 122 
008116 034116 
mone 0342" Timer A1-1 register TAI 132 
008316 034316 
meets 0344 | Timer A2-1 register TA21 132 
0085i6 034516 
DORE 0346: | Timer A4-1 register TAM 132 
034716 
= = | 0348: | Three-phase PWM control register 0 INVCO 129 
03491. | Three-phase PWM control register 1 INVC1 T30 
01B016 034A:6 | Three-phase output buffer register 0 IDBO 131 
O1B1is 034Bis | Three-phase output buffer register 1 IDB1 131 
01B216 034Cie | Dead time timer DTT 131 
01B316 034Die | Timer B2 interrupt occurrence frequency set counter] ICTB2 132 
01B4:6 [Flash identification register (Note 2)| FIDR 267 034Et6 
01B5:1s [Flash memory control register 1 (Note 2)] FMR1 267 034Fi6 
01B616 035016 ‘ . 
01B7:s [Flash memory control register 0 (Note 2)| FMRO 267 035116 HOSE B SY tealsige ae ier 
01B816 035216 . . 
01B9:s [Address match interrupt register 2 RMAD2 92 035316 Timer, B4 register Tee ae 
01BAi6s 035416 7 . 
01BBis |Address match interrupt enable register 2 AIER2 92 035516 Timer'B6 register Ie? ee 
01BCi6 035616 
01BDie [Address match interrupt register 3 RMAD3 92 035716 
01BE16 035816 
01BFi6 035916 
O35At6 
= = | 035Bis | Timer B3 mode register TB3MR 121 
035Cis | Timer B4 mode register TB4MR T21 
025016 035Dis | Timer B5 mode register TB5MR 121 
025116 035E:6 | Interrupt cause select register 2 IFSR2A 89 
025216 035F1e | Interrupt cause select register IFSR 89 
025316 036016 | SI/O3 transmit/receive register S3TRR 183 
025416 036116 
025516 036216 | SI/O3 control register S3C 183 
025616 036316 | SI/O3 bit rate generator S3BRG 183 
025716 036416 | SI/O4 transmit/receive register S4TRR 183 
025816 036516 
025916 036616 | SI/O4 control register S4C 183 
025Ai6 036716 | SI/O4 bit rate generator S4BRG 183 
025Bi6 036816 
025Ci6 036916 
025Di6 036A16 
025E1s |Peripheral clock select register PCLKR 56 036Bi6 
025F 16 036Cis | UARTO special mode register 4 UOSMR4 145 
036D:is | UARTO special ode register 3 UOSMR3 144 
= x | 036E1s | UARTO special mode register 2 UOSMR2 144 
036F1s | UARTO special mode register UOSMR 143 
033016 037016 | UART1 special mode register 4 U1SMR4 145 
033116 037116 | UART1 special mode register 3 U1SMR3 144 
033216 037216 | UART1 special mode register 2 U1SMR2 144 
033316 037316 | UART1 special mode register U1SMR 143 
033416 037416 | UART2 special mode register 4 U2SMR4 145 
033516 037516 | UART2 special mode register 3 U2SMR3 144 
033616 037616 | UART2 special mode register 2 U2SMR2 144 
033716 037716 | UART2 special mode register U2SMR 143 
033816 037816 | UART2 transmit/receive mode register U2MR 147 
033916 037916 | UART2 bit rate generator U2BRG 140 
oasis Oe7ANs UART2 transmit buffer register U2TB 140 
033Bi6 037Bi6 
033Ct6 037Cie | UART2 transmit/receive control register 0 U2T0 141 
033Di6 037D1s | UART2 transmit/receive control register 1 U2C1 142 
moet oerele UART2 receive buffer register U2RB 140 
033F 16 037F 16 



































Note 1: The blank areas are reserved and cannot be accessed by users. 


Note 2: This register is included in the flash memory version. 


B-2 





Quick Reference to Pages Classified by Address 













































































































































































































































































Note : The blank areas are reserved and cannot be accessed by users. 


B-3 


Address Register Symbol Page Address Register Symbol Page 
038016 | Count start flag TABSR A 122, aN A-D register 0 ADO 190 

16 
038116 _| Clock prescaler reset flag CPSRE 109, 122 03C2:6 | ap register 1 ADI ‘on 
038216 _|One-shot start flag ONSF 109 03C316 
038316 | Trigger select register TRGSR 109, 133 03C416 | p_ F 
038416 | Up-down flag UDF 108 03C5i6 Bagel’ ane 190 
O88516 98061 | AD register 3 AD3 190 
038616 03C716 
038716 | Timer AO register TAO 108 nace 

A-D register 4 AD4 190 
038816 . , 108, 132 O3C9i6 
038916 Timer A1 register TA1 : 03C Ate ; 
aaah nee A-D register 5 AD5 190 
Timer A2 register TA2 108, 132 

03886 0806's) A.D register 6 AD6 190 
nats Timer A3 register TAS 108 — 
nace: rear nace A-D register 7 AD7 190 
aes Timer A4 register TA4 , wanoe 
03906 | Timer BO register TBO 122 ore 
039116 03D216 
039216 7 : O03D3i6 
039316 a Te) ea 03D41e | A-D control register 2 ADCON2 190 
039416 7 7" O3D5i6 
ogas:, | Limer B2 register TB2 122, 133 0306s | A-D control register 0 ADCONO 189 
039616 _| Timer AO mode register TAOMR 107 03D7:6 | A-D control register 1 ADCON1 189 
039716 | Timer A1 mode register TA1MR 107, 134 o3D8ie | D-A register 0 DAO 204 
039816 _| Timer A2 mode register TA2MR 107, 134 03D9i6 
039916 _| Timer A3 mode register TA3MR 107 o3DA16| D-A register 1 DA1 204 
039A:6 | Timer A4 mode register TA4MR 107, 134 03DBis 
039Bis | Timer BO mode register TBOMR 121 03DC:s| D-A control register DACON 204 
039C1e | Timer B1 mode register TB1MR 121 O3DDi6 
039Die | Timer B2 mode register TB2MR 121, 134 03DE16| Port P14 control register PC14 215 
039E16 | Timer B2 special mode register TB2SC 132 03DF16 | Pull-up control register 3 PUR3 215 
039F 16 03E0:6 | Port PO register PO 214 
03A016 | UARTO transmit/receive mode register UOMR 141 03E116 | Port P1 register P4 214 
03A116 | UARTO bit rate generator UOBRG 140 03E216 | Port PO direction register PDO 213 
03A216 ; ; 03E3i6 | Port P1 direction register PD1 213 
03A3;4 | UARTO transmit buffer register UOTB 140 034s | Port P2 register 3 Po O14 
03A4:6 | JARTO transmit/receive control register 0 UOCO 141 03E516 | Port P3 register P3 214 
03A516 | UARTO transmit/receive control register 1 U0C1 142 03E6:6 | Port P2 direction register PD2 213 
03A6i6 ; ; 140 03E7:6 | Port P3 direction register PD3 213 
03716 | UARTO receive buffer register UORB 03E816 | Port P4 register P4 214 
03A81s_| UART1 transmit/receive mode register U1MR 141 03E916 | Port P5 register P5 214 
034916 | UART1 bit rate generator U1BRG 140 03EAs | Port P4 direction register PD4 213 
sean, | UART1 transmit buffer register U1TB 140 aan San oe a a 
03AC16 | UART1 transmit/receive control register 0 U1CoO 141 03ED:s | Port P7 register PZ 214 
03ADis | UART1 transmit/receive control register 1 U1C1 142 03EE16 | Port P6 direction register PD6 213 
O3AE16 : : 140 03EFis | Port P7 direction register PD7 213 
O3AF 16 UART1 receive buffer register U1RB 03F0:e | Port P8 register Pg 214 
03B016 | UART transmit/receive control register 2 UCON 143 03F116 | Port P9 register P9 214 
03B116 03F2:6 | Port P8 direction register PD8& 213 
03B216 03316 | Port P9 direction register PDQ 213 
03B316 03F416 | Port P10 register P10 214 
03B416 03F516 | Port P11 register P14 214 
03B516 03F6:s | Port P10 direction register PD10 213 
03B616 03F716 | Port P11 direction register PD11 213 
03B716 03F8:6 | Port P12 register P12 214 
03B81e | DMAO request cause select register DMOSL 97 03F916 | Port P13 register P13 214 
03B916 03FAts | Port P12 direction register PD1i2 213 
03BA1s | DMA1 request cause select register DM1SL 98 03FBis | Port P13 direction register PD13 213 
03BB1s 03FC16 | Pull-up control register 0 PURO 216 
03BCi6 . 03FDi6 | Pull-up control register 1 PUR1 216 
O3BDi6 CRC data register CRCD 205 O3FEt6 TET control regis 2 PUR2 216 
03BE:s | CRC input register CRCIN 205 03FFis | Port control register PCR 217 
O3BFis 
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Overview 


The M16C/62 group (M16C/62P) of single-chip microcomputers are built using the high-performance sili- 
con gate CMOS process using a M16C/60 Series CPU core and are packaged in a 100-pin and 128-pin 
plastic molded QFP. These single-chip microcomputers operate using sophisticated instructions featuring 
a high level of instruction efficiency. With 1M bytes of address space, they are capable of executing instruc- 
tions at high speed. In addition, this microcomputer contains a multiplier and DMAC which combined with 
fast instruction processing capability, makes it suitable for control of various OA, communication, and in- 
dustrial equipment which requires high-speed arithmetic/logic operations. 


Applications 
Audio, cameras, office/communications/portable/industrial equipment, etc 





Specifications written in this manual are believed to be accurate, but are 
not guaranteed to be entirely free of error. Specifications in this manual 
may be changed for functional or performance improvements. Please make 
sure your manual is the latest edition. 
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Performance Outline 


Table 1.1.1 lists performance outline of M16C/62P group. 
Table 1.1.1. Performance outline of M16C/62P group 


Number of basic instructions 


Performance 
91 instructions 





Shortest instruction execution time 


41.7 ns (f(BCLK)= 24MHz, Vcci= 3.0V to 5.5V) 
100 ns (f(BCLK)= 10MHz, Vcct1= 2.7V to 5.5V) 





ROM 
RAM 


Memory 
capacity 


(See the product list) 
(See the product list) 





I/O port 100-pin version 


PO to P10 (except P85) 


8 bits x 10, 7 bits x 1 PO to P5: Vcc2 ports 


P6 to P10: Vcci1 ports 





128-pin version 
PO to P14 (except P85) 





8 bits x 13, 7 bits x 1, PO to P5, P12, P13: Vcc2 ports 
2 bits x 1 P6 to P10, P11, P14: Vcc ports 














Input port P85 


1 bit x 1 (NMI pin level judgment): Vcc1 ports 





Multifunction timer 
Output 
Input 


16 bits x 5 channels (TAO, TA1, TA2, TA3, TA4) 
16 bits x 6 channels (TBO, TB1, TB2, TB3, TB4, TB5) 





Serial I/O 


3 channels (UARTO, UART1, UART2) 

UART, clock synchronous, IC bus" (option’), or IEBus? (option4) 
2 channels (SI/O3, SI/O4) 

Clock synchronous 





A-D converter 


10 bits x (8 x 3 + 2) channels 





D-A converter 


8 bits x 2 





DMACG 


2 channels (trigger: 25 sources) 





CRC calculation circuit 


CRC-CCITT 





Watchdog timer 


15 bits x 1 (with prescaler) 





Interrupt 


29 internal and 8 external sources, 4 software sources, 7 levels 





Clock generation circuit 


4 circuits 

¢ Main clock (These circuits contain a built-in feedback 

* Sub-clock resistor and external ceramic/quartz oscillator) 
* Ring oscillator(main-clock oscillation stop detect function) 
« PLL frequency synthesizer 





Voltage detection circuit 


Present (option*) 





Power supply voltage 


Voc1=3.0V to 5.5V, VCC2=3.0V to Veci((BCLK)=24MHz) 
Veci=VCC2=2.7V to 5.5V (f(BCLK)=10MHz) 





Flash memory) Program/erase voltage 


Number of program/erase 


3.3V + 0.3V or 5.0V + 0.5V 
100 times, 10000 times? (option*) 





Power consumption 


14mA (Vcoc1=Vcc2=5V, f(BCLK)=24MHz) 
8mA (Vcc1=VCc2=3V, f(BCLK)=10MHZ) 
1.8uA (VCC1=VCC2=3V, f(XCIN)=32kHZ, when wait mode) 





/O I/O withstand voltage 
characteristics | Output current 


5.0V 
5mA 





Memory expansion 


Available (to 4M bytes) 





Operating ambient temperature 


-20 to 85°C 
-40 to 85°C (option*) 





Device configuration 


CMOS high performance silicon gate 





Package 
Notes: 








100-pin and 128-pin plastic mold QFP 


1. I2C bus is a registered trademark of Koninklijke Philips Electronics N. V. 

2. IEBus is a registered trademark of NEC Electronics Corporation. 

3. Block 1 and block A are a 10,000 times of programming and erasure. All other blocks are guaranteed of 1,000 times 
of programming and erasure. (Under development; mass production scheduled to start in the 3rd quarter of 2003) 


4. If you desire this option, please so specify. 
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Block Diagram 
Figure 1.1.1 is a block diagram of the M16C/62P group. 























Port PO Port P1 | Port P2 Port P3 Port P4 Port P5 Port P6 | 


<VCC2 ports> <VCC1 ports> 


Zd Od 


Internal peripheral functions A-D converter System clock generator 


(10 bits x 8 channels XIN-XOUT 
Expandable up to 26 channels) XCIN-XCOUT 





Timer (16-bit) 
Output (timer A): 5 


: : PLL frequency synthesizer 
npEe mere) e UART or Ring oscillator 

clock synchronous serial I/O 

Three-phase motor (8 bits x 3 channels) Clock synchronous serial I/O 


control circuit (8 bits x 2 channels) 


CRC arithmetic circuit (CCITT ) 
(Polynomial : X16+X124X5+1) 





8d Od 




















Watchdog timer M16C/60 series16-bit CPU core 
(15 bits) Css id 








DMAC ae ee RAM 
(2 channels) ————————— | (Note 2) 

















D-A converter 


(8 bits X 2 channels) LLG 
Multiplier 


<VCC1 ports> <VCC2 ports> 
PortP11] [Port P14 PortP12] [Port P13 
(Note 3) (Note 3) (Note 3) 


Note 1: ROM size depends on microcomputer type. 
Note 2: RAM size depends on microcomputer type. 
Note 3: Ports P11 to P14 exist only in 128-pin version. 


























<syod 1LO0A> 
Old WOd 6d HOd S8d WOd 


























Figure 1.1.1. Block Diagram 
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Product List 
Tables 1.1.2 and 1.1.3 list the M16C/62P group products and Figure 1.1.2 shows the type numbers, 
memory sizes and packages. 


Table 1.1.2. Product List (1) As of April 2003 


ROM capacity | RAM capacity | Package type Remarks 
100P6S-A 
100P6Q-A 
100P6S-A 
100P6Q-A 
100P6S-A 
100P6Q-A 
100P6S-A 
100P6Q-A 
100P6S-A 
192K bytes 12K bytes | 100P6Q-A 
128P6Q-A 
100P6S-A 
12K bytes |_100P6Q-A 
128P6Q-A 
100P6S-A 
20K bytes 100P6Q-A 
128P6Q-A 
100P6S-A 


M30622M6P-XXXFP 
M30622M6P-XXXGP 
M30622M8P-XXXFP 

M30622M8P-XXXGP 
M30622MAP-XXXFP 

M30622MAP-XXXGP 
M30620MCP-XXXFP 
M30620MCP-XXXGP 
M30622MEP-XXXFP 

M30622MEP-XXXGP 
M30623MEP-XXXGP 
M30622MGP-XXXFP 
M30622MGP-XXXGP 
M30623MGP-XXXGP 
M30624MGP-XXXFP 
M30624MGP-XXXGP 
M30625MGP-XXXGP 
M30622MWP-XXXFP 
M30622MWP-XXXGP 16K bytes | 100P6Q-A 
M30623MWP-XXXGP 128P6Q-A 
M30624MWP-XXXFP 100P6S-A 
M30624MWP-XXXGP 320K bytes 24K bytes | 100P6Q-A 
M30625MWP-XXXGP 128P6Q-A 
M30626MWP-XXXFP 100P6S-A 
M30626MWP-XXXGP 31K bytes | 100P6Q-A 
M30627MWP-XXXGP 128P6Q-A 
M30622MHP-XXXFP 100P6S-A 
M30622MHP-XXXGP 16K bytes | 100P6Q-A 
M30623MHP-XXXGP 128P6Q-A 
M30624MHP-XXXFP 100P6S-A 
M30624MHP-XXXGP 384K bytes 24K bytes | 100P6Q-A 
M30625MHP-XXXGP 128P6Q-A 
M30626MHP-XXXFP 100P6S-A 
M30626MHP-XXXGP 31K bytes | 100P6Q-A 
M30627MHP-XXXGP 128P6Q-A 


* : Under development 
wk: : 


: Under planning 








48K bytes 4K bytes 











64K bytes 4K bytes 











96K bytes 5K bytes 











128K bytes 10K bytes 






































256K bytes 








MASK ROM version 
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Table 1.1.3. Product List (2) 


As of April 2003 


M30622F8PFP 


ROM capacity | RAM capacit 





M30622F8PGP 


Package type 
100P6S-A 


Remarks 





4K bytes 


64K bytes 


100P6Q-A 





M30620FCPFP 





M30620FCPGP 


100P6S-A 





128K bytes 10K bytes 


100P6Q-A 





M30624FGPFP 





M30624FGPGP 


100P6S-A 





256K bytes 20K bytes 





M30625FGPGP 


100P6Q-A Flash memory version 





128P6Q-A 





M30626FHPFP 





M30626FHPGP 


100P6S-A 





384K bytes 31K bytes 





M30627FHPGP 


100P6Q-A 





128P6Q-A 





M30626FJPFP 





M30626FJPGP 


100P6S-A 





512K bytes 31K bytes 





M30627FJPGP 


100P6Q-A 





128P6Q-A 





M30620SPFP 





M30620SPGP 


10K bytes 


100P6S-A 








M30622SPFP 


100P6Q-A 








M30622SPGP 


* 


Type No. 


4K bytes 


External ROM version 
100P6S-A : ae 














% : Under development 
: Under planning 


M3062 6 MH P- XXX FP 









































Figure 1.1.2. Type No., Memory Size, and Package 
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100P6Q-A 


Package type: 
FP : Package 
GP _ : Package 


100P6S-A 
100P6Q-A, 128P6Q-A 


ROM No. 
Omitted for flash memory version and 
external ROM version 


ROM capacity: 
6: 48K bytes 
8: 64K bytes 
A: 96K bytes 
C: 128K bytes 
E: 192K bytes 


G: 256K bytes 
W: 320K bytes 
H: 384K bytes 
J: 512K bytes 


Memory type: 
M: Mask ROM version 
F: Flash memory version 
S: External ROM version 


Shows RAM capacity, pin count, etc 
(The value itself has no specific meaning) 


M16C/62 Group 


M16C Family 
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Pin Configuration 
Figures 1.1.3 to 1.1.5 show the pin configurations (top view). 


PIN CONFIGURATION (top view) 


) 
) 
) 


/D1/Do) 
/D2/D1) 
/D3/D2) 
/Ds/D4 
/De/Ds 
/D7/De} 


/Do/-) 


3/INT3 
4/INT4 
s/INTS 


0 


— -P20/AN20/Ao! 
mai P21/AN21/A1 
ma P22/AN22/A2 
i P23/AN23/A3. 
te —P24/AN24/A4' 
ma P25/AN25/A51 
a P26/AN26/Ac! 
—a =P27/AN27/A7 


—a P10/Ds 
—a P11/Do 
~—t Pi2/D 


jt P15/D 
~—tP Pi6/D 
~—t P17/D 





[& |< P30/As(/-/D7) 

































































































































































@ 
S 
= 
o 
=I 
a 
x 
a 
I 
D 
2 
J 
) 

To | 
i) 

ro | 
© 

Po] 
Ea] 

Po 
oD 

Po] 
a 
2 











P07/ANo7/D7 <> ~—t P44/CSO0 
P06/ANo6/De << —t P45/CS1 
P05/ANos/Ds ~<a [83] —t P46/CS2 
P04/ANo4/D4 <-> —tP P47/CS3 
P03/ANo3/D3 <> ~—# P50/WRL/WR 
P02/ANo2/D2 << ~ P51/WRH/BHE 
P01/ANo1/D1 <> ~—# P52/RD 
P00/ANoo/Do <-> ~—# > P53/BCLK 
P107/AN7/Kl3 <= ~P P54/HLDA 
P106/ANe/Kl2 <-> M16C/62P Grou p —+> P55/HOLD 
P105/ANs/Kli <— —P P5s/ALE 
P104/AN4/Klo <> —# P57/RDY/CLKout 

P103/AN3 <> —# P60/CTSo/RTSo 

P102/AN2 <> —P P61/CLKo 

P101/AN1 <> ~—# >P62/RxD0/SCLo 

AVss — —# P63/TxDo/SDAo 
P100/ANo <= —#P P64/CTS1/RTS1/CTS0/CLKS1 
VREF — —# P65/CLK1 
AVcc — > P66/RxD1/SCL1 

P97/ADTRG/SiIn4 <> —# P67/TxD1/SDA1 























O 







































































































































































O 
O 
































So 
To 
oO 


























































































































a 








N 





























P73/CTS2/RTS2/TA1IN/V 

















P96/ANEX1/SouT4 ~e2» [= 
P95/ANEX0/CLK4 ~«- [ro 
P94/DA1/TB4IN ~<a [Oo 
P93/DA0/TB3IN ~<a [5 
P92/TB2IN/SouT3 = [= 
P91/TB1IN/SIN3 => [o> 
P90/TBOIN/CLK3 ~t> [~' 
P87/XcIN <i 
P86/XcouT <> 
P85/NMI — > [S 
P84/INT2 “#3 [a 
P82/INTo ~t [8 
P81/TA4IN/U ~t [2 
P80/TA4out/U ~t LS 
P77/TA3IN ~t [B] 
P7e/TA3ouT > LE] 
P75/TA2iIN/W ~—t 
P74/TA2Z0uT/W + [5 | 
P72/CLK2/TAlouv/V > LS 


P71/RxD2/SCL2/TAOIN/TBSIN(Note) <= 


P70/TxD2/SDA2/TAOouT(Note) ~<a [8 


Package: 100P6S-A 
Note: P7o and P71 are N channel open-drain output pins. 





Figure 1.1.3. Pin Configuration (Top View) 
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PIN CONFIGURATION (top view) 


P97/ADTRG/SIN4 ~“- 98) 
P96/ANEX1/SouT4 “*-P 199 


P12/Di0 <> 
P11/D9 <= 
P10/Ds <> 

P07/ANo7/D7 <= 
P0s6/ANos/De <*> 
P0s/ANos/Ds <> 
P04/ANo4/D4 <7 
P03/ANo3/D3 <> 
P02/ANo2/D2 <= 
P01/ANo1/D1 <= 
P00/ANoo/Do <= 




















P107/AN7/Kl3 <= 
P106/AN6/Kl2 <tt> 








P105/ANs/Kii <2 
P104/AN4iKlo —< 
P103/AN3 <> 
P102/AN2 —t- 
P101/AN1 
AVss — 
P100/ANo 
VREF 

AVcc — 


PQs/ANEX0/CLK4 ~#7— 





























sie isisieisigisisielelelelsiele ee IRIE) 
{O> JOT JI J}CO TINO JE HO JO [100 | [o> [for [I [co [iro |] tN 


ko 
Ni 


1 


2 


~—# P13/D 


~—# P14/D 


4/INT4 
5/INTS 


—#P P20/AN20/Ao 


3/INT3 
ma P21/AN21/A1 


~# P15/D 


~# P17/D 


/Do/-) 


EP P22/AN22/A2 
EP P23/AN23/A3 
EP P24/AN24/A4 
EP P25/AN25/A5 
~EP P26/AN26/A6! 
EP P27/AN27/A7 


/De/Ds) 


—# P30/As(/-/D7) 
1 
2 
3 


—~—t— Vcc2 


—t P31/A9 


5 


ie 





=I 
a 








=I 
== 





= 
o 








TS] > P10/D 
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i 
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cor} 
|_| 








ro | 
too} 
ro | 
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ro] 
QD 

Foy 
oO 
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P94/DA1/TB4in <2 


P93/DAo/TB3IN ~<a [1 
P92/TB2in/SouT3 ~—tH [© 


P91/TB1IN/SIN3 OL 


P90/TBOIN/CLK3 <> 


BYTE — 
CNVss —?> 


P87/XcIN ~“ |~ 
P86/XcouT 


—. fF 
Xout ~— 





Vss —- 
XIN 
Veot — 


P85/NM| —> 




















P82/INTo <2 
P81/TA4in/U <2 


P83/INT1 <= 
P80/TA4ouT/U <> 


RESET 
P84/INT2 <> 
P77/TA3IN <= 
P76/TA30UT <> 


Figure 1.1.4. Pin Configuration (Top View) 





P75/TA2INW << 
P74/TA2ouT/W ~t 


P73/CTS2/RTS2/TA1IN/V <> 


































































































P42/A18 

P43/A19 

P44/CSO 

P4s/CS1 

P46/CS2 

P47/CS3 

PSoiWRLWA_ 
P51/WRH/BHE 

P52/RD 

P53/BCLK 

P54/HLDA 

P5s/HOLD 

P56/ALE 

P57/RDY/CLKout 
P60/CTSo/RTSo 

P61/CLKo 

P62/RxDo/SCLo 
P63/TxDo/SDAo 
P64/CTS1/RTS1/CTSo/CLKS1 
P65/CLKi 

P66/RxD1/SCL1 
P67/TxD1/SDA1 
P70/TxD2/SDA2/TAOouT(Note) 
P71/RxD2/SCL2/TAOIN/TB5IN(Note) 


P72/CLK2/TA1ouT/V 





Package: 100P6Q-A 
Note: P70 and P71 are N channel open-drain output pins. 
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€SO/4td 


DA 


52] ~t+ P55/HOLD 
E 


[50] ~@- P57/RDY/CLKouT 











41] ~<t- P64/CTS1/RTS1/CTS0/CLKS1 


40| t+ P65/CLK1 





45] ~@- P60/CTSo/RTSo 


44| t+ P61/CLKo 
43] ~- P62/RxDo/SCLo 


42| <t- P63/TxDo/SDAo 








160] ~<a P51/WRH/BHE 


[59] — P52/RD 





161] ~ P50/WRL/WR 


58) ~t+ P53/BCLK 











51) “tH P5e/Al 


[53] — P54/HL! 

















































































































eSo/Std 
LSO/Std 




















O 








0SO/rrd 

6IY/ehd 

BlV/ebd 

Liv/tYyd 

S1W/0bd 

SiW/Ed 

PLY /9Ed 

ely/SEd 

zly/Ed 

LW /8€d 

oW/eed 

6y/led 

ld 

ld 

ld 

leld 

0% Ld 

Z0OA 

(a/-/)8V/0Ed 

SSA 
(saanev/zenv/ted 
(sq/sq/)9v/92NV/9ed 
(ra/sa/)sw/SeNW/Sed 





zdea/ew/eenv/eed 
Laaieweenveed 
oa/ta/) W/eENW/Hed 
(-/00/)0¥2NV/9%d 
SLNI/S}O/4bd 


zd 
HOELd 


ded <> 
6d/IL\d <> 



































































































































Ins. 


128P6Q-A 
tput p 


in ou 


Package 


H0S/!axu/99d 
Loon 

WS/!OXL/49d 

(2}0N)LNOOW LzVAS/2dXL/OLd 
(S]ON)NIGEL/NIOWLZ10S/20XH/HLd 
NLNOLWL/EH1O/2Ld 
NNILWWL/2S.LH/2S.L0/8Ld 

M/LNO’Y LPL d 

MWNI2W L/S 

LNOSY.L/9Ld 


Nev L/42d 
N/LNOPYL/8d 


OUNIPVL/8d 
OLNIe8d 
FLNI/e8d 
ZLNI/*8d 














IWN/S8d 


















































P7o and P71 are N channel open-dra 


OA, 
NIX 

SSA 
Lnox 
413S3u 


Note 
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P106/ANe/Kl2 <> 


P105/ANs/Kli <1 


P104/AN4/Klo <> 





AVss —- 


P10/Ds <-> 
P07/ANo7/D7 <= 
P06/ANos/Dé <> 
P0s/ANos/Ds <= 
P04/ANo4/D4 
P03/ANo3/D3 <= 
P02/ANo2/D2 —t-— 
P01/ANo1/D1 ~<t-— 
P00/ANoo/Do —t->— 
P107/AN7/Kl3 <= 

P103/AN3 <> 
P102/AN2 <> 
P101/AN1 <> 
P100/ANo <> 


LNOOX/98d 
NIOX/Z8d 

SSANO 

aLAg 

%vld 

thd 

EM T19/NIOGL/96d 
ENIS/NILGL/!6d 
ELNOS/NIZ@1L/26d 
Ni€@ 1/0Vd/t6d 
Nipal/!WO/*6d 

pv 1O/OXANV/S6d 
vinOS/LXANW/96d 


—t pNiS/9U0V/46d 
—=a—_ 99\V 
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Pin Description 


Table 1.1.4 Pin Description (100-pin and 128-pin Packages) 


Pin name 


Vcc1, Vcc2 
Vss 


Signal name 


Power supply 
input 


I/O type 


Power supply, 


Function 


Apply 2.7V to 5.5 V to the Vcc1 and Vccz pins and 0 V to the Vss 
pin. The Vcc apply condition is that Vec2< Vcc1 (Note) 





CNVss 


CNVss 


This pin switches between processor modes. Connect this pin to 
Vss pin when after a reset you want to start operation in single- 
chip mode (memory expansion mode) or the Vcc1 pin when 
starting operation in microprocessor mode. 





Reset input 


“L” on this input resets the microcomputer. 





Clock input 
Clock output 


These pins are provided for the main clock generating circuit input/ 
output. Connect a ceramic resonator or crystal between the XIN 
and the XOUT pins. To use an externally derived clock, input it to 
the XIN pin and leave the XOUT pin open. 





External data 
bus width 
select input 


This pin selects the width of an external data bus. A 16-bit width is 
selected when this input is “L”; an 8-bit width is selected when this 
input is “H”. This input must be fixed to either “H” or “L”. Connect 
this pin to the Vss pin when operating in single-chip mode. 





AVcc 


Analog power 
supply input 


This pin is a power supply input for the A-D converter. Connect 
this pin to Vcc1. 





AVSS 


Analog power 
supply input 


This pin is a power supply input for the A-D converter. Connect 
this pin to Vss. 





VREF 


Reference 
voltage input 


Input 


This pin is a reference voltage input for the A-D converter. 





POo to P07 


Do to D7 


I/O port PO 


Input/output 


Input/output 


This is an 8-bit CMOS I/O port. This port has an input/output select 
direction register, allowing each pin in that port to be directed for 
input or output individually. 

If any port is set for input, selection can be made for it in a program 
whether or not to have a pull-up resistor in 4 bit units. This selection 
is unavailable in memory extension and microprocessor modes. 
This port can function as input pins for the A-D converter when so 
selected in a program. 


When set as a separate bus, these pins input and output data (Do 
—D7). 





P10 to P17 


Ds to D15 


I/O port P1 


Input/output 


Input/output 


This is an 8-bit I/O port equivalent to PO. P15 to P17 also function 
as INT interrupt input pins as selected by a program. 


When set as a separate bus, these pins input and output data (Ds 
—D15). 





P20 to P27 


Ao/Do to 


A1/Do to 
A7/D6 


I/O port P2 


Input/output 


Input/output 


This is an 8-bit I/O port equivalent to PO. This port can function as 
input pins for the A-D converter when so selected in a program. 


If the external bus is set as an 8-bit wide multiplexed bus, these 
pins input and output data (Do to D7) and output 8 low-order 
address bits (Ao to A7) separated in time by multiplexing. 


If the external bus is set as a 16-bit wide multiplexed bus, these 
pins input and output data (Do to De) and output address (A1 to A7) 
separated in time by multiplexing. They also output address (Ao). 





P30 to P37 


Ag to A15 


I/O port P3 


Input/output 


Input/output 
Output 


This is an 8-bit I/O port equivalent to PO. 


If the external bus is set as a 16-bit wide multiplexed bus, these 
pins input and output data (D7) and output address (As) 
separated in time by multiplexing. They also output address (A9 
to A15). 





P40 to P47 


Aié6 to Aig, 
CSo to CS3 





I/O port P4 





Input/output 











This is an 8-bit I/O port equivalent to PO. 


These pins output A16 to A19 and CSo to CS3 signals. A16 to A19 
are 4 high- order address bits. CSo to CS3 are chip select signals 
used to specify an access space. 


Note: In this manual, hereafter, Vcc refers to Vcci unless otherwise noted. 
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Table 1.1.5 Pin Description (100-pin and 128-pin Packages) (Continued) 


Pin name 


P50 to P57 


Signal name 


I/O port P5 


I/O type 


Input/output 


Power supply 


Function 


This is an 8-bit I/O port equivalent to PO. In single-chip mode, P57 
in this port outputs a divide-by-8 or divide-by-32 clock of XIN or a 
clock of the same frequency as XCIN as selected by program. 





Output WRL/WR, WRH/BHE, RD, BCLK, HLDA, and ALE signals. 
WRL/WR and WRH/BHE are switchable in a program. Note that 
WRL and WRH are always used as a pair, so as WR and BHE. 

H@ WRL, WRH, and RD selected 

If the external data bus is 16 bits wide, data are written to even 
addresses when the WRL signal is low, and written to odd __ 
addresses when the WRH signal is low. Data are read out when the 
RD signalis low. —_ 

M@ WR, BHE, and RD selected 

Data are written when the WR signal is low, or read out when the 
RD signal is low. Odd addresses are accessed when the BHE 
signal is low. Use this mode when the external data bus is 8 bits 
wide. 

The microcomputer goes to a hold state when input to the HOLD 
pin is held low. While in the hold state, HLDA outputs a low 

level. ALE is used to latch the address. While the input level of the 
RDY pin is low, the bus of the microcomputer goes to a wait state. 











P60 to P67 


I/O port P6 


Input/output 


This is an 8-bit I/O port equivalent to PO. Pins in this port also 
function as UARTO and UART1 I/O pins as selected by program. 





P70 to P77 


I/O port P7 


Input/output 


This is an 8-bit I/O port equivalent to PO (P70 and P71 are N 
channel open-drain output). This port can function as input/output 
pins for timers AO to A3 when so selected in a program. 
Furthermore, P70 to P75, P71, and P72 to P75 can also function as 
input/output pins for UART2, an input pin for timer B5, and output 
pins for the three-phase motor control timer, respectively. 





P80 to P84, 
P86, 
P87, 
P85 


I/O port P8 


I/O port P85 


Input/output 
Input/output 


Input/output 
Input 


P80 to P84, P86, and P87 are I/O ports with the same functions as 
PO. When so selected in a program, P80 to P81 and P82 to P84 can 
function as input/output pins for timer A4 or output pins for the 
three-phase motor control timer and INT interrupt input pins, 
respectively. P86 and P87, when so selected in a program, both 
can function as input/output pins for the subclock oscillator circuit. 
In that case, connect a crystal resonator between P86 (XCOUT pin) 
and P87 (XCIN pin). a — 

P85 is an input-only port shared with NMI. An NMI interrupt request 
is generated when input on this pin changes state from high to low. 
The NMI function cannot be disabled in a program. 

A pull-up cannot be set for this pin. 





P90 to P97 


I/O port P9 


Input/output 


This is an 8-bit I/O port equivalent to PO. Pins in this port also 
function as SI/O3 and SI/O4 I/O pins, Timer BO to B4 input pins, D- 
A converter output pins, A-D converter input pins, or A-D trigger 
input pins as selected by program. 





P100 to 
P107 





I/O port P10 





Input/output 








This is an 8-bit I/O port equivalent to PO. Pins in this port also 
function as A-D converter input pins as selected by program. 
Furthermore, P104 to P107 also function as input pins for the key 
input interrupt function. 





Table 1.1.6 Pin Description (128-pin Package) 


Pin name 


P110 to P117 


P140, P141 


Signal name 
V/O port P11 


V/O port P14 








I/O type 
Input/output 





Input/output 


Power supply! 
circuit block 





Function 


This is an 8-bit I/O port equivalent to PO. 


This is an 2-bit I/O port equivalent to PO. 
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Memory 


Figure 1.2.1 is a memory map of the M16C/62P group. The address space extends the 1M bytes from 
address 0000016 to FFFFF 16. 

The internal ROM is allocated in a lower address direction beginning with address FFFFF16. For example, 
a 64-Kbyte internal ROM is allocated to the addresses from F000016 to FFFFF 16. 

The fixed interrupt vector table is allocated to the addresses from FFFDC16 to FFFFF16. Therefore, store 
the start address of each interrupt routine here. 

The internal RAM is allocated in an upper address direction beginning with address 0040016. For example, 
a 10-Kbytes internal RAM is allocated to the addresses from 0040016 to O2BFF 16. In addition to storing 
data, the internal RAM also stores the stack used when calling subroutines and when interrupts are gener- 
ated. 

The SRF is allocated to the addresses from 0000016 to OO3FF16. Peripheral function control registers are 
located here. Of the SFR, any area which has no functions allocated is reserved for future use and cannot 
be used by users. 

The special page vector table is allocated to the addresses from FFE0016 to FFFDB16. This vector is used 
by the JMPS or JSRS instruction. For details, refer to the “M16C/60 and M16C/20 Series Software Manual.” 
In memory expansion and microprocessor modes, some areas are reserved for future use and cannot be 
used by users. 


0000016 


FFE 
0040016 peEenie 


nternal RAM 





XXXXX16 Special page 


Reserved area 
1000016 (Note 1) vector table 


External area 





Internal RAM Internal ROM 
Size Address XXXXX16 Size Address YYYYYi6 
4K bytes 013FF16 48K bytes F400016 








2700016 
Reserved area FFFDCi6 





5K bytes O17FFie 64K bytes F000016 Undefined instruction 4 














2800016 E 
10K bytes O2BFFi6 96K bytes | __ E800016 External area Overflow E 


12K bytes 033FFi6 128K bytes E000016 E BRK instruction 4 


8000016 
16K bytes 043FF16 192K bytes Do000016 Reserved area SE a 
( 


20K bytes O53FF16 256K bytes 000016 YYYYY16 Note'2) Watchdog timer 
24K bytes 063FFi6 320K bytes B000016 DBC 


31K bytes O7FFFi6 384K bytes ‘000016 Internal ROM aii 


512K bytes 8000016 FFFFFie FFFFFie E Reset E 


Note 1: During memory expansion and microprocessor modes, can not be used. 

Note 2: In memory expansion mode, can not be used. 

Note 3: Shown here is a memory map for the case where the PM10 bit in the PM1 
register is “1” and the PM13 bit in the PM1 register is “1”. 






























































Figure 1.2.1. Memory Map 
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Figure 1.3.1 shows the CPU registers. The CPU has 13 registers. Of these, RO, R1, R2, R3, AO, A1 and FB 


comprise a register bank. There are two register banks. 


b15 b8b7 bo 











R1H(R1's high bits]R1L(R1's low bits 
R2 
R3 
A0 
Al 

















I 


ROH(R0's high bits) ROL(RO0's low bits)] 





[——— 





b19 b15 bo 


INTBH INTBL 


The upper 4 bits of INTB are INTBH and 
the lower 16 bits of INTB are INTBL. 


big 
PC 


bo 














bo 





FLG 





1 
b8 b7 bo! 


U} |}O}B}S);Z}DIC 





Data registers (Note) 


| Address registers (Note) 


Frame base registers (Note) 


Interrupt table register 


Program counter 


User stack pointer 
Interrupt stack pointer 
Static base register 


Flag register 


Carry flag 

Debug flag 

Zero flag 

Sign flag 

Register bank select flag 











Overflow flag 
Interrupt enable flag 

















Stack pointer select flag 














Reserved area 








Processor interrupt priority level 





Reserved area 


Note: These registers comprise a register bank. There are two register banks. 





Figure 1.3.1. Central Processing Unit Register 
(1) Data Registers (RO, R1, R2 and R3) 


The RO register consists of 16 bits, and is used mainly for transfers and arithmetic/logic operations. R1 to 


R3 are the same as RO. 


The RO register can be separated between high (ROH) and low (ROL) for use as two 8-bit data registers. 
R1H and R1L are the same as ROH and ROL. Conversely, R2 and RO can be combined for use as a 32- 


bit data register (R2RO). R3R1 is the same as R2RO0. 
(2) Address Registers (AO and A1) 


The register AO consists of 16 bits, and is used for address register indirect addressing and address 
register relative addressing. They also are used for transfers and logic/logic operations. A1 is the same as 


AO. 


In some instructions, registers A1 and AO can be combined for use as a 32-bit address register (A1A0). 
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(3) Frame Base Register (FB) 
FB is configured with 16 bits, and is used for FB relative addressing. 
(4) Interrupt Table Register (INTB) 


INTB is configured with 20 bits, indicating the start address of an interrupt vector table. 


(5) Program Counter (PC) 


PC is configured with 20 bits, indicating the address of an instruction to be executed. 
(6) User Stack Pointer (USP) and Interrupt Stack Pointer (ISP) 


Stack pointer (SP) comes in two types: USP and ISP, each configured with 16 bits. 
Your desired type of stack pointer (USP or ISP) can be selected by the U flag of FLG. 
(7) Static Base Register (SB) 
SB is configured with 16 bits, and is used for SB relative addressing. 
(8) Flag Register (FLG) 


FLG consists of 11 bits, indicating the CPU status. 
* Carry Flag (C Flag) 
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit. 
¢ Debug Flag (D Flag) 
The D flag is used exclusively for debugging purpose. During normal use, it must be set to “O”. 
¢ Zero Flag (Z Flag) 
This flag is set to “1” when an arithmetic operation resulted in 0; otherwise, it is “O”. 
¢ Sign Flag (S Flag) 
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, it is “O”. 
¢ Register Bank Select Flag (B Flag) 
Register bank 0 is selected when this flag is “O” ; register bank 1 is selected when this flag is “1”. 
¢ Overflow Flag (O Flag) 
This flag is set to “1” when the operation resulted in an overflow; otherwise, it is “O”. 
- Interrupt Enable Flag (I Flag) 
This flag enables a maskable interrupt. 
Maskable interrupts are disabled when the | flag is “O”, and are enabled when the | flag is “1”. The | 
flag is cleared to “O” when the interrupt request is accepted. 
¢ Stack Pointer Select Flag (U Flag) 
ISP is selected when the U flag is “0”; USP is selected when the U flag is “1”. 
The U flag is cleared to “O” when a hardware interrupt request is accepted or an INT instruction for 
software interrupt Nos. 0 to 31 is executed. 
- Processor Interrupt Priority Level (IPL) 
IPL is configured with three bits, for specification of up to eight processor interrupt priority levels from 
level 0 to level 7. 
If a requested interrupt has priority greater than IPL, the interrupt is enabled. 
- Reserved Area 
When write to this bit, write "0". When read, its content is indeterminate. 
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Address Register Symbol After reset 
000016 
000116 
000216 
000316 
000416 | Processor mode register 0 PMO 000000002(CNVss pin is “L”) 
000000112(CNVss pin is “H”) 
000516 | Processor mode register 1 PM1 000010002 
000616 | System clock control register 0 CMO 010010002 
000716 | System clock control register 1 CM1 001000002 
000816 | Chip select control register CSR 000000012 
00091 | Address match interrupt enable register AIER XXXXXX002 
o00Ais | Protect register PRCR XX0000002 
oooBie | Data bank register DBR 0016 
000Cis | Oscillation stop detection register CM2 0000X0002 
000Di6 
000E1s | Watchdog timer start register WDTS XX16 
000F16 | Watchdog timer control register WDG OOXXXXXX2(Note 4) 
001016 | Address match interrupt register 0 RMADO 0016 
001116 0016 
001216 X016 
001316 
001416 | Address match interrupt register 1 RMAD1 0016 
001516 0016 
001616 X016 
001716 
001816 
001916 |_ Voltage detection register 1 VCR1 000010002 
001Ais | Voltage detection register 2 VGR2 0016 
001B1s | Chip select expansion control register CSE 0016 
001C16 |_ PLL control register 0 PLCO 0001X0102 
001D16 
001E16 | Processor mode register 2 PM2 XXX000002 
001Fis | Voltage down detection interrupt register D4INT 0016 
002016 | DMAO source pointer SARO XX16 
002116 XX16 
002216 XX16 
002316 
002416 | DMAO destination pointer DARO XX16 
002516 XX16 
002616 XX16 
002716 
002816 | DMAO transfer counter TCRO XX16 
002916 XX16 
002A16 
002Bi6 
002C16 | DMAO control register DMOCON 00000X002 
002D16 
002E16 
002F 16 
903016 | DMA1 source pointer SAR1 XX16 
003116 XX16 
003216 XX16 
003316 
003416 | DMA1 destination pointer DAR1 XX16 
003516 XX16 
003616 XX16 
003716 
003816 | DMA1 transfer counter TCR1 XX16 
003916 XX16 
003A16 
003Bi6 
003C16 | DMA1 control register DM1CON 00000X002 
003D16 
003E16 
003F 16 











Note 1: The blank areas are reserved and cannot be accessed by users. 


Note 2: The PMOO and PM01 bits do not change at software reset, watchdog timer reset and oscillation stop detection reset. 


Note 3: The CM20, CM21, and CM27 bits do not change at oscillation stop detection reset. 


Note 4: The WDCS5 bit is “O” (cold start) immediately after power-on. It can only be set to “1” in a program. It is set to “O” when the input voltag: 
at the Vcci pin drops to Vdet2 or less while the VC25 bit in the VCR2 register is set to “1” (RAM retention limit detection circuit enable 
Note 5: This register does not change at software reset, watchdog timer reset and oscillation stop detection reset. 


X : Nothing is mapped to this bit 
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Address Register Symbol After reset 
004016 
004116 
004216 
004316 
004416 | INT3 interrupt control register INT3IC XxX00X0002 
004516 | Timer B5 interrupt control register TBSIC XXXXX0002 
004616 | Timer B4 interrupt control register, UART1 BUS collision detection interrupt control register_| TB4IC, Ui1BCNIC XXXXX0002 
004716 | Timer B3 interrupt control register, UARTO BUS collision detection interrupt control register_| TB3IC, UOBCNIC XXXXX0002 
004816 | SI/O4 interrupt control register (S4IC), INT5 interrupt control register | S4IC, INT5IC XX00X0002 
004916 | S1/O3 interrupt control register, INT4 interrupt control register S3IC.INT4IC 
004A16 | UART2 Bus collision detection interrupt control register BCNIC XXXXX0002 
004816 | DMAO interrupt control register DMOIC XXXXX0002 
004C16 | DMA‘ interrupt control register DM1IC XXXXX0002 
004D16 | Key input interrupt control register KUPIC XXXXX0002 
004E16 | A-D conversion interrupt control register ADIC XXXXX0002 
004F16 | UART2 transmit interrupt control register S2TIC XXXXX0002 
005016 | UART2 receive interrupt control register S2RIC XXXXX0002 
005116 | UARTO transmit interrupt control register SOTIC XXXXX0002 
005216 | ARTO receive interrupt control register SORIC 
005316 | UART1 transmit interrupt control register S1TIC XXXXX0002 
005416 | UART1 receive interrupt control register S1RIC XXXXX0002 
005516 | Timer AO interrupt control register TAOIC XXXXX0002 
005616 | Timer Aj interrupt control register TALC XXXXX0002 
005716 | Timer A2 interrupt control register TA2IC XXXXX0002 
005816 | Timer A3 interrupt control register TA3IC XXXXX0002 
005916 | Timer A4 interrupt control register TA4IC XXXXX0002 
o05Ai6 | Timer BO interrupt control register TBOIC XXXXxX0002 
oosBie | Timer B1 interrupt control register TB1IC XXXXX0002 
o0sC16 | Timer B2 interrupt control register TB2lC XXXXX0002 
005Di6 | INTO interrupt control register INTOIG XX00xX0002 
00sE16 | INT1 interrupt control register INT11C XX00X0002 
005F16 | INT2 interrupt control register INT2IC XX00X0002 
006016 
006116 
006216 
006316 
006416 
006516 
006616 
006716 
006816 
006916 
OO6Ai6 
OO6Bi6 
O06Ci6 
006D16 
OO6E16 
OO6F16 
007016 
007116 
007216 
007316 
007416 
007516 
007616 
007716 
007816 
007916 
007Ai16 
007Bi6 
007Ci6 
007D16 
OO7E16 
007F16 




















































































































































































































Note :The blank areas are reserved and cannot be accessed by users. 


X : Nothing is mapped to this bit 
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Address 


Register 


Symbol 


After reset 





008016 





008116 





008216 





008316 





008416 





008516 





008616 








01B016 





01B116 





01B216 





01B316 





01B416 


Flash identification register (Note 2) 


FIDR 


XXXXXX002 





01B516 


Flash memory control register 1 (Note 2) 


FMR1 


OX00XX0X2 





01B616 





01B716 


Flash memory control register 0 (Note 2) 


FMRO 


XX0000012 





01B816 
01B916 
01BAt6 


Address match interrupt register 2 


RMAD2 


0016 
0016 
X016 





01BBi16 


Address match interrupt enable register 2 


AIER2 


XXXXXX002 





01BCi6e 
01BDi6 
O1BE16 


Address match interrupt register 3 


RMAD3 


0016 
0016 
X016 





01BFi6 














025016 





025116 





025216 





025316 





025416 





025516 





025616 





025716 





025816 





025916 





O025A16 





025B16 





025Ci6 





025D16 





025E16 


Peripheral clock select register 


PCLKR 


000000112 





025Fi6 








033016 





033116 





033216 





033316 





033416 





033516 





033616 





033716 





033816 





033916 





033A16 





033B16 





033C16 





033D16 





033E16 





033F16 




















Note 1: The blank areas are reserved and cannot be accessed by users. 
Note 2: This register is included in the flash memory version. 


X : Nothing is mapped to this bit 
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SFR 
Address Register Symbol After reset 

034016 | Timer B3, 4, 5 count start flag TBSR OOOXXXXX2 
034116 
034216 | Timer A1-1 register TA11 XX16 
034316 XX16 
034416 | Timer A2-1 register TA21 XX16 
034516 XX16 
034616 | Timer A4-1 register TA41 XX16 
034716 XX16 
034816 _| Three-pbhase PWM control register 0 INVCO 0016 
034916 | Three-phase PWM control register 1 INVC1 0016 
034A16 | Three-phase output buffer register 0 IDBO 0016 
034B16_| Three-phase output buffer register 1 IDB1 0016 
034Ci6 | Dead time timer DTT XX16 
034Dis | Timer B2 interrupt occurrence frequency set counter ICTB2 XX16 
034E16 
034F16 
035016 | Timer B3 register TB3 XX16 
035116 XX16 
035216 | Timer B4 register TB4 XX16 
035316 XX16 
035416 | Timer B5 register TB5 XX16 
035516 XX16 
035616 
035716 
035816 
035916 
035A16 
035Bie | Timer B3 mode register TB3MR 00XX00002 
035C1s_ | Timer B4 mode register TB4MR 00XX00002 
035D16 | Timer B5 mode register TB5MR 00XX00002 
03516 | Interrupt cause select register 2 IFSR2A OOXXXXXX2 
035Fie | Interrupt cause select register IFSR 0016 
036016 | SI/O3 transmit/receive register S3TRR XX16 
036116 
036216 | SI/O3 control register S$3C 010000002 
036316 | SI/O3 bit rate generator S3BRG XX16 
036416 | SI/O4 transmit/receive register S4TRR XX16 
036516 
036616 | SI/O4 control register S4C 010000002 
036716 _| SI/O4 bit rate generator S4BRG XX16 
036816 
036916 
036A16 
036B16 
036Cis | UARTO special mode register 4 UOSMR4 0016 
036D1e | UARTO special mode register 3 UOSMR3 000X0X0X2 
036E1s | UARTO special mode register 2 UOSMR2 X00000002 
036F1s_| UARTO special mode register UOSMR X00000002 
037016 | UART1 special mode register 4 U1SMR4 0016 
037116 | UART1 special mode register 3 U1SMR3 000X0X0X2 
037216 | UART1 special mode register 2 U1SMR2 X00000002 
037316 | VART1 special mode register U1SMR X00000002 
037416 | UART2 special mode register 4 U2SMR4 0016 
037516 | UART2 special mode register 3 U2SMR3 O000X0X0X2 
037616_| UART2 special mode register 2 U2SMR2 X00000002 
037716 | UART2 special mode register U2SMR X00000002 
037816 _| UART2 transmit/receive mode register U2MR 0016 
037916 | UART2 bit rate generator U2BRG XX16 
037A16 | UART2 transmit buffer register U2TB XXXXXXXX2 
037B16 XXXXXXXX2 
037C16 | UART2 transmit/receive control register 0 U2COo 000010002 
037Di6 | UART2 transmit/receive control register 1 U2C1 000000102 
037E16 | UART2 receive buffer register U2RB XXXXXXXX2 
037Fi6 XXXXXXXX2 




















Note : The blank areas are reserved and cannot be accessed by users. 
X : Nothing is mapped to this bit 
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SFR 
Address Register Symbol After reset 
038016 | Count start flag TABSR 0016 
038116 | Clock prescaler reset flag CPSRF OXXXXXXX2 
038216 | One-shot start flag ONSF 0016 
038316 | Trigger select register TRGSR 0016 
038416 | Up-down flag UDF 0016 
038516 
038616 | Timer AO register TAO XX16 
038716 XX16 
038816 | Timer A1 register TA1 XX16 
038916 XX16 
038A16 | Timer A2 register TA2 XX16 
038B16 XX16 
038C16 | Timer A3 register TA3 XX16 
038D16 XX16 
038E16 | Timer A4 register TA4 XX16 
038F16 XX16 
039016 | Timer BO register TBO XX16 
039116 XX16 
039216 | Timer B1 register TB1 XX16 
039316 XX16 
039416 | Timer B2 register TB2 XX16 
039516 XX16 
039616 | Timer AO mode register TAOMR 0016 
039716 | Timer A1 mode register TAIMR 0016 
039816 | Timer A2 mode register TA2MR 0016 
039916 | Timer A3 mode register TA3MR 0016 
039A16 | Timer A4 mode register TA4MR 0016 
039B16 | Timer BO mode register TBOMR 00XxX00002 
039C16 | Timer B1 mode register TB1MR 00XX00002 
039D16 | Timer B2 mode register TB2MR 00XX00002 
039E16 | Timer B2 special mode register TB2SC XXXXXX002 
039F 16 
03A016 | UARTO transmit/receive mode register UOMR 0016 
03A116 | UARTO bit rate generator UOBRG XX16 
034216 | UARTO transmit buffer register UOTB XXXXXXXX2 
03A316 XXXXXXXX2 
03A416 | UARTO transmit/receive control register 0 UOCO 000010002 
03A516 | UARTO transmit/receive control register 1 U0C1 000000102 
03A616 | UARTO receive buffer register UORB XXXXXXXX2 
03A716 XXXXXXXX2 
03A816 | UART1 transmit/receive mode register U1MR 0016 
o3Agie | UART1 bit rate generator U1BRG XX16 
03AA16 | UART1 transmit buffer register U1TB XXXXXXXX2 
O3AB16 XXXXXXXX2 
03AC16 | UART1 transmit/receive control register 0 U1C0 000010002 
03AD16| UART1 transmit/receive control register 1 U1C1 000000102 
03AE16 | UART1 receive buffer register U1RB XXXXXXXX2 
O3AF16 XXXXXXXX2 
03B016 | UART transmit/receive control register 2 UCON X00000002 
03B116 
03B216 
03B316 
03B416 
03B516 
03B616 
03B716 
038816 | DMAO request cause select register DMOSL 0016 
03B916 
03BA1s | DMA1 request cause select register DM1SL 0016 
03BB16 
03BC16| CRC data register CRCD XX16 
03BD16 XX16 
03BE1s | CRC input register CRCIN XX16 
O3BFi6 
















































































































































































Note : The blank areas are reserved and cannot be accessed by users. 
X : Nothing is mapped to this bit 
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SFR 
Address Register Symbol After reset 
03co1s | A-D register 0 ADO XXXXXXXX2 
03C116 XXXXXXXX2 
03C216 | A-D register 1 AD1 XXXXXXXX2 
03C316 XXXXXXXX2 
03416 | A-D register 2 AD2 XXXXXXXX2 
03C516 XXXXXXXX2 
03céie | A-D register 3 AD3 XXXXXXXX2 
03C716 XXXXXXXX2 
03c8ie | A-D register 4 AD4 XXXXXXXX2 
03C916 XXXXXXXX2 
03CAis | A-D register 5 AD5 XXXXXXXX2 
03CBr6 XXXXXXXX2 
03cC1e | A-D register 6 AD6 XXXXXXXX2 
03CD16 XXXXXXXX2 
03CE16 | A-D register 7 AD7 XXXXXXXX2 
03CF16 XXXXXXXX2 
03D016 
03D116 
03D216 
03D316 
03D416_| A-D control register 2 ADCON2 0016 
03D516 
03D61s_| A-D control register 0 ADCONO 00000XXX2 
03D716 | A-D control register 1 ADCON1 0016 
03D816_| D-A register 0 DAO XX16 
03D916 
o3DAts | D-A register 1 DA1 XX16 
03DB16 
o3DC16 | D-A control register DACON 0016 
03DD16 
03DEi6 | Port P14 control register PC14 XXO0OXXXX2 
o3DF16_| Pull-up control register 3 PURS 0016 
03E016_| Port PO register PO XX16 
03Et16 | Port P1 register P1 XX16 
03E216_| Port PO direction register PDO 0016 
03E316_| Port P1 direction register PD1 0016 
03E416 | Port P2 register P2 XX16 
03E516_| Port P3 register P3 XX16 
o3c616_| Port P2 direction register PD2 0016 
03E716_| Port P3 direction register PD3 0016 
03E816_| Port P4 register P4 XX16 
03E916_| Port P5 register P5 XX16 
O3EA1s | Port P4 direction register PD4 0016 
03EB1e | Port P5 direction register PDS 0016 
03EC16 | Port P6 register P6 XX16 
03ED16 | Port P7 register P7 XX16 
O3EE16 | Port P6 direction register PD6 0016 
03EF1s_| Port P7 direction register PD7 0016 
03F01e_| Port P8 register P8 XX16 
o3F116_| Port P9 register PQ XX16 
03F21e_| Port P8 direction register PD8 00X000002 
03F31e_| Port P9 direction register PD9 0016 
03F416_| Port P10 register P10 XX16 
03F5i6_| Port P11 register P11 XX16 
o3F6ie_| Port P10 direction register PD10 0016 
03F71s_| Port P11 direction register PD11 0016 
o3F8ie_| Port P12 register P12 XX16 
o3F916_| Port P13 register P13 XX16 
03FAis_| Port P12 direction register PD12 0016 
03FB16_| Port P13 direction register PD13 0016 
03FC16_| Pull-up control register 0 PURO 0016 
03FD1e | Pull-up control register 1 PUR1 000000002 (Note 2) 
000000102 
03FEi6 | Pull-up control register 2 PUR2 0016 
03FF1s_| Port control register PCR 0016 

















Note 1: The blank areas are reserved and cannot be accessed by users. 
Note 2: At hardware reset 1 or hardware reset 2, the register is as follows: 
* “000000002” where “L” is inputted to the CNVss pin 
* “000000102” where “H” is inputted to the CNVss pin 


At software reset, watchdog timer reset and oscillation stop detection reset, the register is as follows: 
* “000000002” where the PM01 to PMO0 bits in the PMO register are “002” (single-chip mode) 
* “000000102” where the PM01 to PMOO0 bits in the PMO register are “O12” (memory expansion mode) or 


“112” (microprocessor mode) 


X : Nothing is mapped to this bit 
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Reset 


There are four types of resets: a hardware reset, a software reset, an watchdog timer reset, and an oscilla- 
tion stop detection reset. 


Hardware Reset 


There are two types of hardware resets: a hardware reset 1 and a hardware reset 2. 
Hardware Reset 1 

A reset is applied using the RESET pin. When an “L” signal is applied to the RESET pin while the 
power supply voltage is within the recommended operating condition, the pins are initialized (see 
Table 1.5.1. Pin Status When RESET Pin Level is “L”). The oscillation circuit is initialized and the main 
clock starts oscillating. When the input level at the RESET pin is released from “L” to “H”, the CPU and 
SFR are initialized, and the program is executed starting from the address indicated by the reset 
vector. The internal RAM is not initialized. If the RESET pin is pulled “L” while writing to the internal 
RAM, the internal RAM becomes indeterminate. 

Figure 1.5.1 shows the example reset circuit. Figure 1.5.2 shows the reset sequence. Table 1.5.1 
shows the status of the other pins while the RESET pin is “L”. Figure 1.5.3 shows the CPU register 
status after reset. Refer to “SFR” for SFR status after reset. 





1. When the power supply is stable 

(1) Apply an “L” signal to the RESET pin. 

(2) Supply a clock for 20 cycles or more to the XIN pin. 
(3) Apply an “H” signal to the RESET pin. 


2. Power on 

(1) Apply an “L” signal to the RESET pin. 

(2) Let the power supply voltage increase until it meets the recommended operating condition. 
(3) Wait td(P-R) or more until the internal power supply stabilizes. 

(4) Supply a clock for 20 cycles or more to the XIN pin. 

(5) Apply an “H” signal to the RESET pin. 


Hardware Reset 2 
This reset is generated by the microcomputer’s internal voltage detection circuit. The voltage detec- 
tion circuit monitors the voltage supplied to the Vcc1 pin. 
If the VC26 bit in the VCR2 register is set to “1” (reset level detection circuit enabled), the microcom- 
puter is reset when the voltage at the Vcc1 input pin drops below Vdets3. 
Similarly, if the VC25 bit in the VCR2 register is set to “1” (RAM retention limit detection circuit en- 
abled), the microcomputer is reset when the voltage at the Vcc1 input pin drops below Vdet2. 
Conversely, when the input voltage at the Vcc1 pin rises to Vdet3 or more, the pins and the CPU and 
SFR are initialized, and the program is executed starting from the address indicated by the reset 
vector. It takes about td(S-R) before the program starts running after Vdet3 is detected. The initialized 
pins and registers and the status thereof are the same as in hardware reset 1. 
Set the CM10 bit in the CM1 register to “1” (stop mode) after setting the VC25 bit to “1” (RAM retention 
limit detection circuit enabled), and the microcomputer will be reset when the voltage at the Vcc1 input 
pin drops below Vdet2 and comes out of reset when the voltage at the Vcc1 input pin rises above 
Vdet3. During stop mode, the value set in the VC26 bit has no effect. Therefore, no reset is generated 


even when the input voltage at the Vcc1 pin drops to Vdets or less. 
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Recommended 
operating yi 
voltage 





Equal to or less } Equal to or less 
than 0.2Vcc1 ; than 0.2Vcc1 





—! !<— More than 20 cycles of XIN + td(P-R) 
; are needed. 


Note : When the microcomputer is used under the condition Vcc1 = Vcc2, make sure the Vcc2 voltage does not 
exceed the Vcc1 voltage when powering up, or powering down the microcomputer. 





Figure 1.5.1 shows the example reset circuit 


Software Reset 
When the PM03 bit in the PMO register is set to “1” (microcomputer reset), the microcomputer has its pins, 
CPU, and SFR initialized. Then the program is executed starting from the address indicated by the reset 
vector. 
Select the main clock for the CPU clock source, and set the PMO3 bit to “1” with main clock oscillation 
satisfactorily stable. 
At software reset, some SFP’s are not initialized. Refer to “SFR”. Also, since the PM01 to PMO0 bits in the 
PMO register are not initialized, the processor mode remains unchanged. 


Watchdog Timer Reset 
Where the PM12 bit in the PM1 register is “1” (reset when watchdog timer underflows), the microcom- 
puter initializes its pins, CPU and SFR if the watchdog timer underflows. Then the program is executed 
starting from the address indicated by the reset vector. 
At watchdog timer reset, some SFR’’s are not initialized. Refer to “SFR”. Also, since the PM01 to PM00 
bits in the PMO register are not initialized, the processor mode remains unchanged. 


Oscillation Stop Detection Reset 
Where the CM27 bit in the CM2 register is “O” (reset at oscillation stop detection), the microcomputer 
initializes its pins, CPU and SFR, coming to a halt if it detects main clock oscillation circuit stop. Refer to 
the section “oscillation stop, re-oscillation detection function”. 
At oscillation stop detection reset, some SFR’s are not initialized. Refer to the section “SFR”. Also, since 
the PM01 to PMO0 bits in the PMO register are not initialized, the processor mode remains unchanged. 
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Voci, Vcc2 





XIN 


Microprocessor 
mode BYTE = “H” 


More than 
20 cycles 
are needed 








RESET BCLK 28cycles 







































































Content o au vector 


FFFFCis \ FFFFDie FFFFE16 X 
























































SS 








Microprocessor 
mode BYTE = “L” Content of reset vector 

















Address FFFFC16 FFFFE16 \ 














RD 























WR 








cso 














Single chip FFFFCie6 Content of reset vector 
mode 

















Address \ FFFFEis 








Figure 1.5.2. Reset sequence 
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Table 1.5.1. Pin Status When RESET Pin Level is “L” 


Pin name 


PO 


Status 





CNVss = Vss 


Input port 


CNVss = Vcci (Note 1) 





Data input 


BYTE = Vcc 


Data input 





P1 


Input port 


Data input 


Input port 





P2, P3, P40 to P43 


Input port 


Address output (undefined) 


Address output (undefined) 





P44 


Input port 


CSO output (“H” is output) 


CSO output (“H” is output) 





P45 to P47 


Input port 


Input port (Pulled high) 


Input port (Pulled high) 





P50 


Input port 


WR output (“H” is output) 


WR output (“H” is output) 





P51 


Input port 


BHE output (undefined) 


BHE output (undefined) 





P52 


Input port 


RD output (“H” is output) 


RD output (“H” is output) 





P53 


Input port 


BCLK output 


BCLK output 





P54 


Input port 


HLDA output (The output value 
depends on the input to the 
HOLD pin) 


HLDA output (The output value 
depends on the input to the 
HOLD pin) 





P55 


Input port 


HOLD input 


HOLD input 





P56 


Input port 


ALE output (“L” is output) 


ALE output (“L” is output) 





P57 


Input port 


RDY input 


RDY input 





P6, P7, P80 to P84, 
P86, P87, P9, P10 


Input port 


Input port 


Input port 





P11, P12, P13, 
P140, P141 (Note 2) 





Input port 


Input port 











Input port 


Note 1: Shown here is the valid pin state when the internal power supply voltage has stabilized after power-on. 
When CNVss = Vcc1, the pin state is indeterminate until the internal power supply voltage stabilizes. 
Note 2: P11, P12, P13, P140, P141 pins exist in 128-pin version. 


b19 





000016 


Data register(RO 





000016 
000016 


( 
Data register(R1 
Data register(R2 





000016 
000016 


) 
) 
) 
Data register(R3) 
Address register(A0) 





000016 


Address register(A1) 








000016 





Frame base register(FB) 











0000016 








Content of addresses FFFFE16 to FFFFC16 


Program counter(PC) 





b15 


bo 

















Flag register(FLG) 





b8 b7 


bo! 





















































U!l!OBSZODC 





Figure 1.5.3. CPU Register Status After Reset 


User stack pointer(USP) 


Interrupt table register(INTB) 


Interrupt stack pointer(ISP) 
Static base register(SB) 
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Voltage Detection Circuit 
The voltage detection circuit has circuits to monitor the input voltage at the Vcc1 pin, each checking the 
input voltage with respect to Vdet2, Vdet3, and Vdet4, respectively. Use the VC25 to VC27 bits in the 
VCR2 register to select whether or not to enable these circuits. 
The VC25 bit in the VCR2 register needs to be set to “1” (WDC register the internal RAM retention limit 
detection circuit enable), when using hardware reset 2 in stop mode, or when using the WDC5 bit. 
Use the reset level detection circuit for hardware reset 2. 
The voltage down detection circuit can be set to detect whether the input voltage is equal to or greater 
than Vdet4 or less than Vdet4 by using the VC13 bit in the VCR1 register. Furthermore, a voltage down 
detection interrupt can be used. 


WDCS5 bit 


Write to WDC register ——)> Aan Ss Qt WARMCOLD 


(Cold start, warm start) 





Internal power on reset 
VCR2 register R 











RESET O) ofb7]b6] bs 





Internal power supply 
voltage stable time 
td(S-R) 


Half latch LT 


Qos 



































Internal reset signal 
(‘L" active) 








CM10 bit=1 
(stop mode) 








; oe Voltage down 
0 > detection signal 


VCR1 register 


VC13 bit 








Figure 1.5.4. Voltage Detection Circuit Block 


Watchdog timer control register 
b7 b6 bS b4 b3 b2 bil 
Symbol Address After reset 
Tor TILL! WDC Q00F is OOXXXXXX2(Note 2) 
Bit symbol on eg ee 


(b4-bC b0) High-order bit of watchdog timer 


WDCS5 Cold start / warm start . Cold start 
discrimination flag (Note 1)} 1: Warm start 
| Te [Reserved bit Reserved bit bit Must setto"7 set to “0” 
WDC7 Prescaler select bit re Divided SS 16 
: Divided by 128 


: Writing to the WDC register causes the WDC5 bit to be set to “1” (warm start). 

: The WDC5 bit is “O” (cold start) immediately after power-on. It can only be - to “1” in a program. It is set 
to “0” when the input voltage at the Vcc1 pin drops to Vdete or less while the VC25 bit in the VCR2 register 
is set to “1” (RAM retention limit detection circuit enable). 





Figure 1.5.5. WDC Register 
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Voltage detection register 1 


ays OS Pe Be ee Symbol Address After reset (Note 2) 
0 [0 [0 0 0 0] VCRI 001916 000010002 


























: Pit symbol Bit name Function 





(b2-b0) Reserved bit Must set to “0” 


RW 
Voltage down monitor flag 0:Vcc1 < Vdet4 
(Note 1) 1:Vcc1 = Vdet4 

RW 


Reserved bit Must set to “0” 








: The VC13 bit is useful when the VC27 bit of VCR2 register is set to “1” (voltage down detection circuit 
enable). The VC13 bit is always “1” (Vcc1> 4 V) when the VC27 bit in the VCR2 register is set to “O” (voltage 

down detection circuit disable). 

Note 2: This register does not change at software reset, watchdog timer reset and oscillation stop detection reset. 


Voltage detection register 2 (Note 1) 


SS be ee et Symbol Address After reset (Note 6) 
0 [0 VcR2 001A16 0016 


























Bit symbol Bit name Function 
Reserved bit Must set to “0” 


RAM retention limit 0: Disable RAM retention limit 


detection monitor bit detection circuit 
(Notes 3, 4, 7) : Enable RAM retention limit 


detection circuit 





Reset level monitor bit : Disable reset level detection 
Notes 2, 3, 7 circuit 

) : Enable reset level detection 
circuit 


Voltage down monitor : Disable voltage down 

bit (Note 5, 7) detection circuit 

: Enable voltage down 
detection circuit 











Write to this register after setting the PRC3 bit in the PRCR register to “1” (write enable). 

To use hardware reset 2, set the VC26 bit to “1” (reset level detection circuit enable). 

To use hardware reset 2 in stop mode, set the VC25 bit to “1” (RAM retention limit detection circuit enable). 
VC26 bit is disabled in stop mode. (The microcomputer is not reset even if the voltage input to Vcc1 pin 
becomes lower than Vdet3.) 

To use the WDC5 bit in the WDC register, set the VC25 bit to “1” (RAM retention limit detection circuit enable). 
Where the VC13 bit in the VCR1 register and D42 bit in the D4INT register are used or the D40 bit is set to “1” 
(voltage down detection interrupt enable), set the VC27 bit to “1” (voltage down detection circuit enable). 

This register does not change at software reset, watchdog timer reset and oscillation stop detection reset. 
The detection circuit does not start operation until td(E-A) elapses after the VC25 bit, VC26 bit, or VC27 bit is 
set to “1”. 


Voltage down detection interrupt register (Note 1) 


b7_ b6 bS_ b4 b3_ b2 bt —bO 





Symbol Address After reset 
D4INT 001F16 0016 





Bit symbol Bit name Function 


D40 Voltage down detection 0: Disable 
interrupt enable bit (Note 5) | 14: Enable 


D41 STOP mode deactivation 0: Disable (do not use the power 

fi supply down detection 
conmoleit interrupt to get out of stop mode) 
(Note 4) : Enable (use the voltage 
down detection interrupt to get 
out of stop mode) 








Voltage change detection flag | 0: Not detected 
(Note 2) 1: Vdet4 passing detection 


WOT overflow detect flag 0: Not detected 
1: Detected 


Sampling clock select bit b5b4 a 
00 : CPU clock divided by 8 


01 : CPU clock divided by 16 
10 : CPU clock divided by 32 
11: CPU clock divided by 64 





Nothing is assigned. When write, set to “O”. When read, its 
(b7-b6) content is “0”. 
: Write to this register after setting the PRC3 bit in the PRCR register to “1” (write enable). 
Note 2: Useful when the VC27 bit in the VCR2 register is set to “1” (voltage down detection circuit enabled). If the 
VC27 bit is set to “0” (voltage down detection circuit disable), the D42 bit is set to “0” (Not detect). 
Note 3: This bit is set to “O” by writing a “O” in a program. (Writing a “1” has no effect.) 
Note 4: If the voltage down detection interrupt needs to be used to get out of stop mode again after once used for 
that purpose, reset the D41 bit by writing a “O” and then a “1”. 
Note 5: The D40 bit is effective when the VCR2 register VC27 bit = 1. To set the D40 bit to “1”, follow the 
procedure described below. 
(1) Set the VC27 bit to “1”. 
(2) Wait for td(E-A) until the detection circuit is actuated. 
(3) Wait for the sampling time (refer to “Table 1.5.3. Sampling Time”). 




















Figure 1.5.5. VCR Register, VCR2 Register, and D4INT Register 
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——E——EEEEEEE——————————— SS 


(1) When stop mode is not used 


5.0V 

Vdet4 

Vdet3r 

Vdet3 

Vdet2 

Vdet3s 
Vss 

















RESET 


Internal reset signal 


1 
VC13 bit undefined / 1 | | 
1 


Set to “1” in a program (reset level detection circuit enable) 
I 


I 
| ! 
vos bit 0 
Set to “1” in a program 
io (RAM retention limit detection circuit enable) | 


Set to “1” in a program (warm start) 
a 


WDC5 bit undefined \ ! 


The above diagram applies to the following case: 
* The CM10 bit in the CM1 register =0 (clock oscillating, not in stop mode) 
* The VC27 bit in the VCR2 register is set to “1” after reset (voltage down detection circuit enabled) (to use VC13) 


| 
VC25 bit undefined 
I 
I 
I 
I 


(1) When stop mode is used 


Vdet4 
Vdet3r 


Vdet2 
Vdet3s 
Vss 











RESET 


Internal reset signal 


I 
] 

I : 
ye Set to “1” in a program (warm start) 
I 
| 


WDC5 bit undefined \ | 


] 

| 1 
| Set to “1” in a program (stop mode) 
1 H i 
! 
I I 
I 
I 


CM10 bit undefined \ | | 


l 
I I 

vors bit a 
I 


i Set to “1” in a program 1 
uz (RAM retention limit detection circuit enable) 
: 


The above diagram applies to the following case: 
* The VC27 bit in the VCR2 register is set to “1” after reset (voltage down detection circuit enabled) (to use VC13) 





Figure 1.5.7. Typical Operation of Hardware Reset 2 
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Voltage Down Detection Interrupt 
A voltage down detection interrupt request is generated when the input voltage at the Vcc1 pin rises to 
Vdet4 or more or drops below Vdet4 while the D40 bit in the D4INT register is set to “1” (voltage down 
detection interrupt enable). The voltage down detection interrupt shares the interrupt vector with the 
watch-dog timer interrupt and oscillation stop, re-oscillation detection interrupt. 
To use the voltage down detection interrupt to get out of stop mode, set the D41 bit in the D4INT register 
to “1” (enable). 
The D42 bit in the D4INT register becomes “1” when passing through Vdet4 is detected after the voltage 
inputted to the Vcc1 pin is up or down. 
A voltage down detection interrupt is generated when the D42 bit changes state from “0” to “1”. The D42 
bit needs to be set to “0” in a program. However, where the D41 bit is “1” and the stop mode is selected, 
the voltage down detection interrupt request arises, and the microcomputer is reset from the stop mode 
with no regard for the status of D42 bit if it is detected that the voltage applied to the Vcc1 pin has 
increased, passing through Vdet4. 
Table 1.5.2 shows the voltage down detection interrupt request generation conditions. 
It is possible to set the sampling clock detecting that the voltage applied to the Vcc1 pin has passed 
through Vdet4 with the DF1 to DFO bits of D4INT register. Table 1.5.3 shows sampling times. 


Table 1.5.2. Voltage Down Detection Interrupt Request Generation Conditions 
operation mode VC27 bit D40 bit D41 bit D42 bit CMO02 bit VC13 bit 


Normal 
operation 
mode(Note 1) 1to0 (Note 3 


i Oto1 (Note 3 
Wait mode 
(Note 2) 1to0 (Note 3 


0to1 








Stop mode 
(Note 2) 




















—:“O"or “1” 
Note 1: The status except the wait mode and stop mode is handled as the normal mode.(Refer to “Clock generating circuit”) 
Note 2: Refer to “Limitations on stop mode”, “Limitations on wait mode”. 
Note 3: An interrupt request for voltage reduction is generated a sampling time after the value of the VC13 bit has changed. 
Refer to the “Figure 1.5.9. Voltage Down Detection Interrupt Generation Circuit Operation Example” for details. 


Table 1.5.3. Sampling Times 


Sampling time (us) 


DF1 to DFO=00 DF1 to DFO=01 DF1 to DFO=10 DF1 to DFO=11 
(CPU clock divided by 8) | (CPU clock divided by 16)| (CPU clock divided by 32)| (CPU clock divided by 64) 





6.0 12.0 24.0 





Precautions 


1. Limitations on Stop Mode 
Before setting the CM10 bit in the CM1 register to “1” (stop mode), be sure to clear the CM02 bit in the 
CM0 register to “O” (do not stop the peripheral function clock). 
If the CM10 bit in the CM1 register is set to “1” (stop mode) when the VC13 bit in the VCR1 register is “1” 
(Vcc1 = Vdet4) while the VC27 bit in the VCR2 register is “1” (voltage down detection circuit enable) and 
the D40 bit in the D4INT register is “1” (voltage down detection interrupt enable) and D41 bit in the D4INT 
register is “1” (voltage down detection interrupt is used to get out of stop mode), a voltage down detection 
interrupt request is immediately generated, causing the microcomputer to exit stop mode. 
In systems where the microcomputer enters stop mode when the input voltage at the Vcc1 pin drops 
below Vdet4 and exits stop mode when the input voltage rises to Vdet4 or more, make sure the CM10 bit 
is set to “1” when VC13 bit is “O” (Vcc < Vdet4). 
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2. Limitations on WAIT Instruction 
In cases where the CM02 bit in the CMO register is “1” (stop the peripheral function clock) while the VC27 
bit in the VCR2 register = 1 (enable the voltage down detection circuit) and the D40 bit in the D4INT 
register = 1 (enable the voltage down detection interrupt), if the WAIT instruction is executed when the 
VC13 bit in the VCR1 register = 1 (Vcc1 > Vdet4), a voltage down detection interrupt will be generated 


immediately after that, causing the microcomputer to return from wait mode. 


In systems where the microcomputer enters wait mode when the voltage applied to the Vcc1 pin drops to 
Vdet4 or below and leaves wait mode when the applied voltage rises to Vdet4 or above, make sure the 
D42 bit is cleared to “O” when the VC13 bit = 0 (Vcc1 < Vdet4) before executing the WAIT instruction. 


Voltage down detection circuit 





VC27 








(Rejection wide:200 ns) 


D4INT clock(the 


Voltage down detection interrupt generation circuit 





DF1, DFO 














clock with which it 
operates also in 
wait mode) 


r— VC13 


Noise 

















fo \ | 
Lo 
‘O 




















D42 bit is set to “O"(not detected) by 
writing a “O" in a program. VC27 bit 
is set to “0” (voltage down detection 
circuit disabled), the D42 bit is set to 
“9”, 


D42 


Watchdog 
timer interrupt 








rejection Voltage down 


detection signal 








“H” when VC27 bit= 0 
(disabled) 





Noise rejection 
circuit 


Digital 


signal 











filter 

















WAIT instruction(wait mode) 


Watchdog timer block 











Watchdog timer 
underflow signal 











a 











Voltage down 
detection 
interrupt signal 


Oscillation stop, 
re-oscillation 
detection 
interrupt signal 





This bit is set to “O"(not detected) by writing a “0” in a program. 








Figure 1.5.8. Power Supply Down Detection Interrupt Generation Block 


VC13 bit 


eee 


Output of the digital filter (Note 2) 


D42 bit 


<-_—_ | 
sampling | 











+> 


sampling 


No voltage down detection Interrupt signals are 


generated when the D42 bit is “H”. 


L~——+ | 


<_—_ 


| 
| 

sampling | | sampling 
| 





| 


LU LU 





———— | 


coe 


Setto‘o"ina | 
program (not | 
detected) | 


Set to “O” ina 
program (not 
detected) 





Voltage down detection 
interrupt signal 


Note 1 : D40 is “1”(voltage down detection interrupt enabled) 





| 

| 

| 

| 
I 

| 


Note 2 : Output of the digital filter shown in Figure 1.5.8. 











rn 








Figure 1.5.9. Power Supply Down Detection Interrupt Generation Circuit Operation Example 
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Processor Mode 
(1) Types of Processor Mode 


Three processor modes are available to choose from: single-chip mode, memory expansion mode, and 
microprocessor mode. Table 1.6.1 shows the features of these processor modes. 


Table 1.6.1. Features of Processor Modes 


Processor modes Access space Pins which are assigned I/O ports 


Single-chip mode SFR, internal RAM, internal ROM All pins are I/O ports or peripheral 
function I/O pins 


Memory expansion mode SFR, internal RAM, internal ROM, Some pins serve as bus control pins (Note) 
external area (Note) 


Microprocessor mode SFR, internal RAM, external area (Note) Some pins serve as bus control pins (Note) 
Note : Refer to “Bus”. 





(2) Setting Processor Modes 


Processor mode is set by using the CNVSs pin and the PM01 to PMO0 bits in the PMO register. 
Table 1.6.2 shows the processor mode after hardware reset. Table 1.6.3 shows the PM01 to PMO0 bit set 
values and processor modes. 


Table 1.6.2. Processor Mode After Hardware Reset 


CNVss pin input level 


Vss Single-chip mode 
Vcc1 (Note 1, Note 2) Microprocessor mode 
Note 1: If the microcomputer is reset in hardware by applying VCC1 to the CNVSs pin (hardware reset 1 
or hardware reset 2), the internal ROM cannot be accessed regardless of PM10 to PMO0 bits. 
Note 2: The multiplexed bus cannot be assigned to the entire CS space. 





Table 1.6.3. PM01 to PMOO Bits Set Values and Processor Modes 
PMO01 to PMO0 bits Processor modes 
002 Single-chip mode 





012 Memory expansion mode 
102 Must not be set 
112 Microprocessor mode 





Rewriting the PM01 to PMOO bits places the microcomputer in the corresponding processor mode regard- 
less of whether the input level on the CNVss pin is “H” or “L”. Note, however, that the PM01 to PMOO bits 
cannot be rewritten to “O12” (memory expansion mode) or “112” (microprocessor mode) at the same time 
the PM07 to PM02 bits are rewritten. Note also that these bits cannot be rewritten to enter microprocessor 
mode in the internal ROM, nor can they be rewritten to exit microprocessor mode in areas overlapping the 
internal ROM. 

If the microcomputer is reset in hardware by applying Vcci1 to the CNVSs pin (hardware reset 1 or hard- 
ware reset 2), the internal ROM cannot be accessed regardless of PM01 to PM0O0 bits. 

Figures 1.6.1 and 1.6.2 show the registers associated with processor modes. Figure 1.6.3 show the 
memory map in single chip mode. 
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Processor mode register 0 (Note 1) 


7 bey <bs baba: “hee Bi be Symbol Address After reset (Note 4) 
PMO 000416 000000002 (CNVSs pin = “L”) 
000000112 (CNVSss pin = “H”) 


Bit symbol 


rm i bi bO 
PMO Reng ede bl 0 0: Single-chip mode 
0 1: Memory expansion mode 


PMo1 1 0: Must not be set RW 
1 1: Microprocessor mode 
PMo2 R/W mode select bit 0 : RD,BHE,WR 
(Note 2) 1: RD,WRH,WRL 


PMO3 Software reset bit Setting this bit to “1” resets the 
microcomputer. When read, its content 


Multiplexed bus space 


select bit (Note 2) : Multiplexed bus is unused 


(Separate bus in the entire CS 
space) a 

: Allocated to CS2 space 

: Allocated to CS1 space _ 

: Allocated to the entire CS space 


Port P40 to P43 function | 0: Address output 
select bit (Note 2) 1: Port function 
(Address is not output) 


BCLK output disable bit | 0 : BCLK is output 
(Note 2) 1 : BCLK is not output 
(Pin is left high-impedance) 


Note 1: Write to this register after setting the PRC1 bit in the PRCR register to "1" (write enable). 

Note 2: Effective when the PM01 to PMO0 bits are set to “012” (memory expansion mode) or “112” (microprocessor 
mode). 

Note 3: To set the PM01 to PMOO bits are “012” and the PM05 to PM04 bits are “112” (multiplexed bus assigned to 
the entire CS space), apply an “H” signal to the BYTE pin (external data bus is 8 bits wide). While the 
CNVss pin is held “H” (= Vcc1), do not rewrite the PM05 to PM04 bits to “112” after reset. 

If the PM05 to PM04 bits are set to “112” during memory expansion mode, P31 to P37 and P40 to P43 
become I/O ports, in which case the accessible area for each CS is 256 bytes. 

Note 4: The PM01 to PMOO bits do not change at software reset, watchdog timer reset and oscillation stop 
detection reset. 





Figure 1.6.1. PMO Register 
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Processor mode register 1 (Note 1) 


7 -b6 5 iba _-b3" -b2) “bi_-bo. Symbol Address After reset 


f fo) { | ft | PM1 000516 0X0010002 


CS2 area switch bit 0: 0800016 to 26FFF16 


(data block enable bit) (block A disable) 
(Note 2) 1: 1000016 to 26FFF16 
(block A enable) 


' PM11 Port P37 to P34 - Address output 
function select bit (Note 3)} 1 : Port function 
' PM12 Watchdog timer function Watchdog timer interrupt 
select bit : Watchdog timer reset (Note 4) 
PM13 Internal reserved area See Note 7 RW 
expansion bit (Note 6) 


pooeceee 


Memory area 


expansion bit (Note 3) eT ie tabde 


(Do not expand) 


PM14 


: Must not be set 
: Must not be set 
PM1 
° : 4 Mbyte mode 


Reserved bit Should be set to “O”. 
(b6) 
PM17 Wait bit (Note 5) No wait state 
: With wait state (1 wait) 


: Write to this register after setting the PRC1 bit in the PRCR register to “1” (write enable). 

: For the mask ROM version, this bit must be set to “O” . For the flash memory version, the PM10 bit also 
controls block A by enabling or disabling it. However, the PM10 bit is automatically set to “1” when the FMRO 
1 bit in the FMRO register is “1” (CPU rewrite mode). 

: Effective when the PM01 to PMOO bits are set to “012” (memory expansion mode) or “112” (microprocessor 
mode). 

: PM12 bit is set to “1” by writing a “1” in a program. (Writing a “O” has no effect.) 

: When PM17 bit is set to “1” (with wait state), one wait state is inserted when accessing the internal RAM, 
internal ROM, or an external area. If the CSiW bit (i = 0 to 3) in the CSR register is “O” (with wait state), the 
CSi area is always accessed with one or more wait states regardless of whether the PM17 bit is set or not. 
Where the RDY signal is used or multiplex bus is used, set the CSiW bit to “O” (with wait state). 

: The PM13 bit is automatically set to “1” when the FMR01 bit in the FMRO register is “1” (CPU rewrite mode). 

: The access area is changed by the PM13 bit as listed in the table below. 


Access area PM13=0 


Internal Up to addresses 0040016 to O3FFF16 (15 Kbytes) |The entire area is usable 
Up to addresses D000016 to FFFFF 16 (192 Kbytes) The entire area is usable 


External Addresses 0400016 to O7FFFi6 are usable Addresses 0400016 to O7FFF 16 are reserved 
Addresses 8000016 to CFFFF16 are usable Addresses 8000016 to CFFFF16 are reserved 


Figure 1.6.2. PM1 Register 
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Single-chip mode 


Internal RAM Internal ROM 
Capacity | Address XXXXX16 Capacity | Address YYYYY16 

4K bytes| 013FFi6 48K bytes _| F400016 
5K bytes| 017FF16 64K bytes | FO00016 
Internal RAM 10K bytes | 02BFFi6 96K bytes | E800016 
12K bytes | 033FFi6 128K bytes | E000016 
16K bytes | O3FFF16(Note 2) 192K bytes | DO00016 

20K bytes |_ O3FFF16(Note 2) 256K bytes | D000016(Note 2) 

24K bytes | O3FFF16(Note 2 320K bytes | D000016(Note 2) 


( ) 
31K bytes | O3FFFi6(Note 2) 384K bytes | D000016(Note 2) 
512K bytes 


























Can not 


ee 
5K bytes | O17FFi6 


10K bytes|  O2BFFi6 

Internal ROM 12K bytes| O33FFie6 128K bytes 
16K bytes| O43FFi6 192K bytes 
20K bytes| O53FF16 256K bytes 


24K bytes| O63FFi6 320K bytes 
O7FFFi6 384K bytes 
512K bytes | 8000016 


Note 1: For the mask ROM version, set the PM10 bit to “O” (0800016 to 26FFF16 for CS2 area). 
Note 2: If PM13 bit is set to “O”, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used. 



































Figure 1.6.3. Memory Map in Single Chip Mode 
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Bus 
During memory expansion or microprocessor mode, some pins serve as the bus control pins to perform 
data input/output to and from external devices. These bus control pins include Ao to A19, Do to D15, CSO 
to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA and BCLK. 





Bus Mode 
The bus mode, either multiplexed or separate, can be selected using the PM05 to PM04 bits in the PMO 
register. 


Separate Bus 
In this bus mode, data and address are separate. 


Multiplexed Bus 
In this bus mode, data and address are multiplexed. 
¢ When the input level on BYTE pin is high (8-bit data bus) 
Do to D7 and Ao to A7 are multiplexed. 
¢ When the input level on BYTE pin is low (16-bit data bus) 
Do to D7 and Ai to As are multiplexed. Ds to D15 are not multiplexed. Do not use Ds to D15. 
External buses connecting to a multiplexed bus are allocated to only the even addresses of the micro- 
computer. Odd addresses cannot be accessed. 
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Bus Control 
The following describes the signals needed for accessing external devices and the functionality of software 
wait. 
(1) Address Bus 
The address bus consists of 20 lines, Ao to A19. The address bus width can be chosen to be 12, 16 or 
20 bits by using the PMO6 bit in the PMO register and the PM11 bit in the PM1 register. Table 1.7.1 
shows the PM0O6 and PM11 bit set values and address bus widths. 


Table 1.7.1. PM06 and PM11 Bits Set Value and Address Bus Width 


Set value(Note) Pin function Address bus wide 


PM11=1 P34 to P37 12 bits 
PMO6=1 P40 to P43 


PM11=0 A12 to A15 


PMo6=1 P4o to P43 tS bits 


PM11=0 A12 to A15 
PMO06=0 A16 to A19 
Note 1: No values other than those shown above can be set. 


20 bits 





When processor mode is changed from single-chip mode to memory extension mode, the address 
bus is indeterminate until any external area is accessed. 


(2) Data Bus 
When input on the BYTE pin is high(data bus is 8 bits wide), 8 lines Do to D7 comprise the data bus; 
when input on the BYTE pin is low(data bus is 16 bits wide), 16 lines Do to D15 comprise the data bus. 
Do not change the input level on the BYTE pin while in operation. 


(3) Chip Select Signal 

The chip select (hereafter referred to as the CSi) signals are output from the CSi (i = 0 to 3) pins. 
These pins can be chosen to function as I/O ports or as CS by using the CSi bit in the CSR register. 
Figure 1.7.1 shows the CSR register. 

During 1 Mbyte mode, the external area can be separated into up to 4 by the CSi signal which is output 
from the CSi pin. During 4 Mbyte mode, CSi signal or bank number is output from the CSi pin. Refer to 
“Memory space expansion function”. Figure 1.7.2 shows the example of address bus and CSi signal 
output in 1 Mbyte mode. 


Chip select control register 


b7_b6 bS b4 b3 b2 bt _b0 Symbol Address After reset 
CSR 


000816 000000012 








Bit symbol Bit name Function 


CSO output enable bit : Chip select output disabled 
CS1 output enable bit (functions as V/O port) 
CS2 output enable bit : Chip select output enabled 


CS3 output enable bit 
CSO wait bit 














Bache : With wait state 
CS1 wait bit : Without wait state 
CS2 wait bit (Note 1, Note 2, Note 3) 


C83 wait bit 














Note 1: Where the RDY signal is used in the area indicated by CSi (i = 0 to 3) or the multiplex bus is used, set 
the CSiW bit to “0” (Wait state). =. 

Note 2: If the PM17 bit in the PM1 register is set to “1” (with wait state), the external area indicated by CSO to 
CS3 is always accessed with one wait state even when the CSiW bit is “1” (without wait state). 

Note 3: When the CSiW bit = “O” (with wait state), the number of wait states (interms of clock cycles) can be 
selected using the CSEi1W to CSEi0W bits in the CSE register. 


Figure 1.7.1. CSR Register 
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Example 1 Example 2 


To access the external area indicated by CS} in the next cycle after 
accessing the external area indicated by CSi 


The address bus and the chip select signal both change state between 
these two cycles. 


Access to the external 
area indicated by CSj 


Access to the external 
area indicated by CSi 


BCLK 


Read signal 





Data bus 





Address bus \Address address [ 
aT Ly 
Csj 


Example 3 


To access the external area indicated by CSi in the next cycle after 
accessing the external area indicated by the same CSi 


The address bus changes state but the chip select signal does not 
change state 


Access to the same 
external area 


Access to the external 
area indicated by CSi 





BCLK 


Read signal 


Data bus 


Address bus \Address Address | 
ar] | 























To access the internal ROM or internal RAM in the next cycle after 
accessing the external area indicated by CSi 


The chip select signal changes state but the address bus does not 
change state 


Access to the internal 
ROM or internal RAM 


Access to the external 
area indicated by CSi 


BCLK 
Read signal 


Data bus 


Address bus \Address 
CSi | 








Example 4 


Not to access any area (nor instruction prefetch generated) in the next cycle after 
accessing the external area indicated by CSi 


Neither the address bus nor the chip select signal changes state between 
these two cycles 


Access to the external No access 


area indicated by CSi 





BCLK 

















Read signal 


Data bus 


Address bus X Address 


CSI 





Note : These examples show the address bus and chip select signal when accessing areas in two successive cycles. The chip select bus cycle 
may be extended more than two cycles depending on a combination of these examples. 


Shown above is the case where separate bus is selected and the area is accessed for read without wait states. i= 0 to 3,j=Oto3 


(not including i, however) 





Figure 1.7.2. Example of Address Bus and CSi Signal Output in 1 Mbyte Mode 





ztENESAS 


Renesas Technology Corp. 


Renesas microcomputers 


M16C / 62P Group 


Bus SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





(4) Read and Write Signals 
When the data bus is 16 bits wide, the read and write signals can be chosen to be a combination of RD, 
BHE and WR or acombination of RD, WRL and WRH by using the PMO02 bit in the PMO register. When 
the data bus is 8 bits wide, use a combination of RD, WR and BHE. 
Table 1.7.2 shows the operation of RD, WRL, and WRH signals. Table 1.7.3 shows the operation of 
operation of RD, WR, and BHE signals. 

















Table 1.7.2. Operation of RD, WRL and WRH Signals 


Data bus width Status of external data bus 


; Read data 
16-bit 








( BYTE pin input Write 1 byte of data to an even address 
= “L’) Write 1 byte of data to an odd address 

















Write data to both even and odd addresses 
































Data bus width RD WR BHE AO Status of external data bus 
H L L H Write 1 byte of data to an odd address 
L H L H Read 1 byte of data from an odd address 
16-bit H L H L Write 1 byte of data to an even address 
(BYTE pin input L H H L Read 1 byte of data from an even address 
any H L L L Write data to both even and odd addresses 
L H L L Read data from both even and odd addresses 
8-bit (BYTE pin H L — (Note) HorL Write 1 byte of data 
input = “H”) L H — (Note)} HorL | Read 1 byte of data 























Note : Do not use. 


(5) ALE Signal 
The ALE signal latches the address when accessing the multiplex bus space. Latch the address when the 
ALE signal falls. 


When BYTE pin input = “H” When BYTE pin input = “L” 
ALE | | ALE [ | 
poor anor address (Data - 




















A1/Do to As/D7 \ Address \ Data \ 
As to A1s Address (Note) 


Note : If the entire CS space is assigned a multiplexed bus, these pins function as I/O ports. 





Figure 1.7.3. ALE Signal, Address Bus, Data Bus 
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(6) The RDY Signal 





Ao to A19, Do to D15, CSO to CS3, RD, WRL, WRH, WR, BHE, ALE, HLDA 





In an instance of separate bus 


suk f \_f & ff \S Ww 


RD 
nee 
tre 


CSi 
(i=0 to 3) 





RDY 
tsu(RDY - BCLK) 


A 
Accept timing of RDY signal 





In an instance of multiplexed bus 





sik  / \__/ a [\ = 





RD 


Csi 
(i0 to 3) 


RDY 


<—__———» tsu(RDY - BCLk) 


@p : Wait using RDY signal Accept timing of RDY signal 


“eee; Wait using software 





This signal is provided for accessing external devices which need to be accessed at low speed. If input on 
the RDY pin is asserted low at the last falling edge of BCLK of the bus cycle, one wait state is inserted in 


the bus cycle. While in a wait state, the following signals retain the state in which they were when the RDY 
signal was acknowledged. 


Then, when the input on the RDY pin is detected high at the falling edge of BCLK, the remaining bus cycle 
is executed. Figure 1.7.4 shows example in which the wait state was inserted into the read cycle by the 
RDY signal. To use the RDY signal, set the corresponding bit (CS3W to CSOW bits) in the CSR register 
to “0” (with wait state). When not using the RDY signal, process the RDY pin as an unused pin. 


Shown above is the case where CSEiW to CSEi1W (i = 0 to 3) bits in the CSE register are “002” (one wait state). 


Figure 1.7.4. Example in which Wait State was Inserted into Read Cycle by RDY Signal 
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(7) Hold Signal 


This signal is used to transfer control of the bus from the CPU or DMAC to an external circuit. When the 
input on HOLD pin is pulled low, the microcomputer is placed in a hold state after the bus access then in 
process finishes. The microcomputer remains in the hold state while the HOLD pin is held low, during 
which time the HLDA pin outputs a low-level signal. 
Table 1.7.4 shows the microcomputer status in the hold state. 

Bus-using priorities are given to HOLD, DMAC, and CPU in order of decreasing precedence. However, 
if the CPU is accessing an odd address in word units, the DMAC cannot gain control of the bus during two 





separate accesses. 


HOLD > DMAC > CPU 


Figure 1.7.5. Bus-using Priorities 


Table 1.7.4. Microcomputer Status in Hold State 


BCLK 


Output 








Ao to Ais, Do to Dis, CSO to CS3, RD, WRL, WRH, WR, BHE 


High-impedance 





I/O ports 


PO, P1, P3, P4(Note 2) 


High-impedance 








P6 to P14(Note 1) 


Maintains status when hold signal is received 





HLDA 


Output “L” 





Internal peripheral circuits 


ON (but watchdog timer stops) 





ALE signal 
Note 1: P11 to P14 are included in the 128-pin version. 
Note 2: When I/O port function is selected. 

Note 3: The watchdog timer dose not stop when the PM22 bit in the PM2 register is set to “1” (the count 
source for the watchdog timer is the ring oscillator clock). 


(8) BCLK Output 








Undefined 


If the PMO7 bit in the PMO register is set to “O” (output enable), a clock with the same frequency as that 
of the CPU clock is output as BCLK from the BCLK pin. Refer to “CPU clock and pheripheral clock”. 
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Table 1.7.5. Pin Functions for Each Processor Mode 


Memory expansion 
Processor mode Memory expansion mode or microprocessor mode mode 


002(separate bus) 012(CS2 is for multiplexed bus and | 112(multiplexed bus 
_ ie are for separate bus) for the entire space) 
Ente Ds 102(CS1 is for multiplexed bus and | (Note 1) 
others are for separate bus) 


Data bus width 8 bits 16 bits 8 bits 16 bits 8 bits 
BYTE pin “H” “LY “H” is aH 


| PootoPO7 to P07 |DotoD7 to D7 }DotoD7 to D7 Do to D7(Note 4) | Do to D7(Note 4) | I/O |VOports 
Presrr——— to P17 | ——— Pisa aeeael Ee ports Ds to D15(Note 4) — ports 


Ao Ao/Do(Note 2) | Note 2) Ao [ADO 


i to P27 a to A7 Ai to a cea to A7/D1 to D7 ae to A7/Do to Dé ee to A7/D1 to D7 
(Note 2) (Note 2) 


a Cc 
P34 to P37 Ai2 to A15 
/O ports 
P40 to P43 Aié to Aig 
/O ports 
P44 I/O ports 


P46 CS2=0 I/O ports 


P47 CS3=0 I/O ports 


PMO02=1 —— (Note 3) RL —— (Note 3) WRL — (Note 3) 
P51 PM02=0 ‘BHE 


pune [ees [WAR ees) [WAR [oes 





P52 





I/O ports: Function as I/O ports or peripheral function I/O pins. 


Note 1: To set the PM01 to PMOO bits are set to “012” and the PM05 to PM04 bits are set to “112” (multiplexed bus assigned to the entire CS 
space), apply “H” to the BYTE pin (external data bus 8 bits wide). While the CNVss pin is held “H” (= Vcc1), do not rewrite the PM05 
to PM04 bits to “112” after reset. If the PM05 to PM04 bits are set to “112” during memory expansion mode, P31 to P37 and P40 to P43 
become |/O ports, in which case the accessible area for each CS is 256 bytes. 

Note 2: In separate bus mode, these pins serve as the address bus. a ee 

Note 3: If the data bus is 8 bits wide, make sure the PM02 bit is set to “O” (RD, BHE, WR). 

Note 4: When accessing the area that uses a multiplexed bus, these pins output an indeterminate value during a write. 
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(9) External Bus Status When Internal Area Accessed 
Table 1.7.6 shows the external bus status when the internal area is accessed. 


Table 1.7.6. External Bus Status When Internal Area Accessed 


SFR accessed Internal ROM, RAM accessed 


Ao to A19 


| RD, WR, WAL, WRH | WR, WRL, WRH 


CS0 to CS3 Output “H” 


Address output 





Maintain status before accessed 


address of external area or SFR 


Do to D15 High-impedance High-impedance 
Output data Undefined 


RD, WR, WRL, WRH output Output “H” 


= . “ 


Maintain status before accessed 


status of external area or SFR 


Output “H” 


Output Output“ 


(10) Software Wait 


Software wait states can be inserted by using the PM17 bit in the PM1 register, the CSOW to CS3W bits 
in the CSR register, and the CSE register. The SFR area is unaffected by these control bits. This area is 
always accessed in 2 BCLK or 3 BCLK cycles as determined by the PM20 bit in the PM2 register. Refer 
to “Table 1.7.7. Bit and Bus Cycle Related to Software Wait” for details. 

To use the RDY signal, set the corresponding CS3W to CSOW bit to “O”(with wait state). Figure 1.7.6 
shows the CSE register. Table 1.7.7 shows the software wait related bits and bus cycles. Figure 1.7.7 and 
1.7.8 show the typical bus timings using software wait. 


Chip select expansion control register 


Symbol 
CSE 


b7 b6 bS b4 b3 b2 bi b0O 


Address 
001Bi6 


After reset 
0016 


CSEOOW 


CSE01W 


CSE10W 


CSE11W 


CSE20W 


CSE21W 


CSO wait expansion bit 
(Note) 


CS1 wait expansion bit 
(Note) 


CS2 wait expansion bit 
(Note) 


b1 bO 

0 0: 1 wait 

0 1: 2 waits 

1 0: 3 waits 

1 1: Must not be set 


b3 b2 
0 0: 1 wait 

0 1: 2 waits 

1 0: 3 waits 

1 1: Must not be set 


b5 b4 
0 0: 1 wait 

0 1: 2 waits 

1 0: 3 waits 

1 1: Must not be set 





CSE30W 


CS3 wait expansion bit 
(Note) 





b7 b6 

0 0: 1 wait 

0 1: 2 waits 

1 0: 3 waits 

1 1: Must not be set 


Note: Set the CSiW bit (i = 0 to 3) in the CSR register to “O” (with wait state) before writing to the CSEi1W to 
CSEI0OW bits. If the CSiW bit needs to be set to “1” (without wait state), set the CSEi1W to CSEi0W bits to “ 


002” before setting it. 


Figure 1.7.6. CSE Register 
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Table 1.7.7. Bitand Bus Cycle Related to Software Wait 


Internal 
RAM, ROM 


External 
area 


Note 1: To use the RDY signal 


Bus mode 


PM2 register 
PM20 bit 


PM1 register 
PM17 bit 


CSR register 
CS3W bit (Note 1) 
CS2W bit (Note 1) 
CS1W bit (Note 1) 
CSOW bit (Note 1) 


CSE register 
CSE31W to CSE30W bit 
CSE21W to CSE20W bit 
CSE11W to CSE10W bit 
CSE01W to CSEOOW bit 


Software wait 


No wait 


No wait 


Bus cycle 


— 2 BCLK cycle (Note 3) 


3 BCLK cycle (Note 3) 
1 BCLK cycle (Note 4) 





Separate bus 


1 wait 


No wait 


1 wait 


2 BCLK cycles 
1 BCLK cycle (read) 





2 BCLK cycles (write) 
2 BCLK cycles (Note 4) 





2 waits 


3 BCLK cycles 





3 waits 


4 BCLK cycles 





1 wait 


2 BCLK cycles 








Multiplexed 
bus (Note 2) 


1 wait 


2 waits 


3 BCLK cycles 
3 BCLK cycles 








0 
0 
0 





102 


Note 2: To access in multiplexed bus mode, set the corresponding bit of CSOW to CS3W to “0” (with wait state). 
Note 3: When the selected CP 








3 waits 








4 BCLK cycles 





1 0 002 1 wait 3 BCLK cycles 


, set this bit to “O”. 


U clock source is the PLL clock, the number of wait cycles can be altered by the PM20 bit in the PM2 register. When using a 
16 MHZ or higher PLL clock, be sure to set the PM20 bit to “O” (2 wait cycles). 


Note 4: After reset, the PM17 bit is set to_“0” (without wait state), all of the CSOW to CS3W bits are set to “0” (with wait state), and the CSE register is set to 
“0016” (one wait state for CSO to CS3). Therefore, the internal RAM and internal ROM are accessed with no wait states, and all external areas are 
accessed with one wait state. 
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(1) Separate bus, No wait setting 


Bus cycle (Note) Bus cycle (Note) 


ahr iter 


Write signal 





Read signal 





Data bus 





Address bus Address Address 


cs 


(2) Separate bus, 1-wait setting 
Bus cycle (Note) Bus cycle (Note) 





BCLK 














Write signal 


Read signal 


Data bus 


L___ 
cs 


(3) Separate bus, 2-wait setting 


Bus cycle (Note) Bus cycle (Note) 








BCLK | 








Write signal 
Read signal 


Data bus 


rr 
CS 


Note : These example timing charts indicate bus cycle length. After this bus cycle sometimes come read and write cycles in 
succession. 





Figure 1.7.7. Typical Bus Timings Using Software Wait (1) 
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(1) Separate bus, 3-wait setting 


Bus cycle (Note) Bus cycle (Note) 


BCLK 
Write signal 
Read signal 


Data bus Output 


cs 


(2)Multiplexed bus, 1- or 2-wait setting 























ls Bus cycle (Note) Bus cycle (Note) 
"| " 


cae el LI | 


Write signal 
Read signal 
Address bus ( Address \ \ Address | 
nates tes! \iades\(_ oa oun \_ \haess) 
cs 


























(3)Multiplexed bus, 3-wait setting 








=a 





Bus cycle (Note) "| Bus cycle (Note) 





BCLK | LJ 


Write signal 
Read signal | 

ALE 

Address bus/ 


CS 
































Note : These example timing charts indicate bus cycle length. After this bus cycle sometimes come read and write cycles in 
succession. 





Figure 1.7.8. Typical Bus Timings Using Software Wait (2) 
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Memory Space Expansion Function 


The following describes a memory space extension function. 

During memory expansion or microprocessor mode, the memory space expansion function allows the 
access space to be expanded using the appropriate register bits. 

Table 1.8.1 shows the way of setting memory space expansion function, memory spaces. 


Table 1.8.1. The Way of Setting Memory Space Expansion Function, Memory Space 


Memory space expansion function | How to set (PM15 to PM14) 


1 Mbytes mode 002 1 Mbytes (no expansion) 








4 Mbytes mode 112 4 Mbytes 


(1) 1 Mbyte Mode 
In this mode, the memory space is 1 Mbytes. In 1 Mbyte mode, the external area to be accessed is 
specified using the CSi (i = 0 to 3) signals (hereafter referred to as the CSi area). Figures 1.8.2 to 1.8.3 
show the memory mapping and CS area in 1 Mbyte mode. 


(2) 4 Mbyte Mode 
In this mode, the memory space is 4 Mbytes. Figure 1.8.1 shows the DBR register. The BSR2 to BSRO 
bits in the DBR register select a bank number which is to be accessed to read or write data. Setting the 
OFS bit to “1” (with offset) allows the accessed address to be offset by 4000016. 


In 4 Mbyte mode, the CSi (i=0 to 3) pin functions differently for each area to be accessed. 

Addresses 0400016 to 3FFFF16, C000016 to FFFFF16 

* The CSi signal is output from the CSi pin (same operation as 1 Mbyte mode. However the last address 
of CS1 area is 3FFFF16) 

Addresses 4000016 to BFFFF16 

* The CSO pin outputs “L” 

* The CS1 to CS3 pins output the value ofsetting as the BSR2 to BSRO bits (bank number) 


Figures 1.8.4 to 1.8.5 show the memory mapping and CS area in 4 Mbyte mode. Note that banks 0 to 6 
are data-only areas. Locate the program in bank 7 or the CSi area. 


Data bank register (Note) 


b7 6 bS b4 b3 _b2 bi bd Symbol Address After reset 
DBR OO0B16 0016 


: Description 


Nothing is assigned. When write, set to “O”. When read, its content is 
“0”. 





Offset bit 0: Not offset 
1: Offset 





Bank selection bits b5 b4 b3 

000: Bank 0 
0 1 0: Bank 2 
100: Bank 4 
110: Bank 6 





Nothing is assigned. When write, set to “O”. When read, its content is 
“0”. 








Note : Effective when the PM01 to PMO0 bits are set to “012” (memory expansion mode) or “112” (microprocessor 
mode). 


Figure 1.8.1. DBR Register 
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Memory expansion mode 


0000016 


0040016 
Internal RAM 
XXXXX16 


Reserved area 
0400016 


0800016 


1000016 


2700016 
2800016 


3000016 


Reserved, External area 
Reserved area 


External area 


nogg018 Reserved area 


YYYYY16 
Internal ROM 





FFFFF16 


PM13=0 
Internal RAM 


Microprocessor mode 


SF 


R 


Internal RAM 


Reserved area 


Reserved, external area 


Reserved area 


Renesas microcomputers 


M 


16C / 62P Group 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


t Csi (32 Kbytes) 


External area 


Internal ROM 


CS0(Memory expansion mode:640 Kbytes ) 


CSO (microprocessor mode:832 Kbytes) 


External area 





Capacity | Address Xxxxxis | _ Capacity 


Address YYYYY16 


CSO 


CS1 


Cs2 


CS3 





4 Kbytes | 013FF16 48 Kbytes 


F400016 


Memory expansion mode 





5 Kbytes | 017FFi6 64 Kbytes 


F000016 


3000016—CFFFF16 





10 Kbytes | O2BFF16 96 Kbytes 


E800016 


Microprocessor mode 





12 Kbytes | 033FF16 128 Kbytes 


E000016 


3000016—FFFFF16 





16 Kbytes | O3FFFi6(Note)| 192 Kbytes 


D000016 





20 Kbytes | O3FFFia(Note)| 256 Kbytes 


D000016(Note) 





24 Kbytes | O3FFF16(Note)| 320 Kbytes 


D000016(Note) 





31 Kbytes | O3FFFi6(Note)| 384 Kbytes 


D000016(Note) 








512 Kbytes 





D000016(Note 


2800016— 
2FFFF16 








When PM10=0 
0800016—26FFFi6 


When PM10=1 
1000016—-26FFF16 


Note : If PM13 bit is set to “O”, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used. 


Figure 1.8.2. Memory Mapping and CS Area in 1 Mbyte Mode (PM13=0) 


Memory expansion mode 


0000016 
0040016 


Internal RAM 
XXXXX16 


0800016 


1000016 


2700016 
2800016 


3000016 


Reserved, external area 


Reserved area 


External 
area 


000018 Reserved area 


YYYYYi6 
Internal ROM 





FFFFF16 


PM13=1 
Internal RAM 


Internal ROM 


Microprocessor mode 


Internal RAM 


Reserved area 


Reserved, external area 


Reserv: 


External area 


ed area 





External area 





0400016— 
O7FFFt6 








Capacit Address XXXXX16 
4 Kbytes|  013FFi6 


Capacity 
48 Kbytes 


Address YYYYY16 
F400016 


Csi 
2800016— 


When PM10=0 


Memory expansion mode 





5 Kbytes| _017FFi6 64 Kbytes 


2FFFF16 0800016—-26FFF16 


3000016—7FFFFi6 


Fo00016 





10 Kbytes O2BFFi6 96 Kbytes 


E800016 





12 Kbytes 033FFi6 128 Kbytes' 


E000016 





16 Kbytes 043FFie6 192 Kbytes) 


Do000016 





20 Kbytes O53FFi16 256 Kbytes 


C000016 





24 Kbytes O63FFi6 320 Kbytes 


Bo00016 





31 Kbytes O7FFF16 384 Kbytes 


A000016 














512 Kbytes’ 





8000016 


Microprocessor mode 
3000016—FFFFF16 








When PM10=1 
1000016—26FFFi6 





Figure 1.8.3. Memory Mapping and CS Area in 1 Mbyte Mode (PM13=1) 





No area 
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Memory expansion mode Microprocessor mode 


0000016 SER SER 








0040016 
Internal RAM Internal RAM 
XXXXX16 





Reserved area Reserved area 


0400016 { CS3(16 Kbytes) 

0800016 Reserved, external area Reserved, external area zz, CS2(PM10=0: 124 Kbytes) 
1000016 
2700016 Reserved area Reserved area 
2800016 


4000016 














External area External area 


co00016 


poet Reserved area 


YYYYYi6 
Internal ROM 
FFFFFis 











PM13=0 


nternal RAM Internal ROM. External area _ 
Capacity | Address XXxXXis | Capacity | Address YYYYYis cso Csi CS2 CS3 Other than the CS area (Note 1 


4 Kbytes | 013FF16 48 Kbytes|F400016 Memory expansion mode |280001e— | When PM10=0 
5 Kbytes | 017FFi6 64 Kbytes|FO00016 C000016~CFFFF16 3FFFFis —_ | 0800016-26F FF 16 0400016- |4000016-BFFFFi6 
10 Kbytes | 0O2BFF16 96 Kbytes}E800016 Microprocessor mode When PM10=1 O7FFF16 
12 Kbytes | 033FF16 128 Kbytes|/E000016 C000016—-FFFFF16 1000016-26FFF 16 

16 Kbytes | O3FFFi6(Note2)|_ 192 Kbytes|D000016 
20 Kbytes | O3FFF16(Note2)|_256 Kbytes|D000016(Note2) 
24 Kbytes | O3FFF16(Note2)|_ 320 Kbytes] D000016(Note2) 

( 

( 





























31 Kbytes | OSFFF16(Note2)|_ 384 Kbytes|D000016(Note2) 
512 Kbytes|D000016(Note2) 



































Note 1: The CSO pin outputs a low signal, and the CS1-CS3 pins output a bank number. 
Note 2: If PM13 bit is set to “0”, 15 Kbytes of the internal RAM and 192 Kbytes of the internal ROM can be used. 





Figure 1.8.4. Memory Mapping and CS Area in 4 Mbyte Mode (PM13=0) 


Memory expansion mode Microprocessor mode 


pee 
0040016 
Internal RAM Internal RAM 
XXXXXi16 
Reserved area Reserved area 


0800016] Reserved, external area “CS2(PM10=0: 124 Kbytes) 
1000016 ~} }.CS2(eMi0=1: 92 kbytes) 


2700016 — 
2800016 CS1(96 Kbytes) 
4000016 


Extemal area External area Other than the CS area (Memory expansion mode:256 Kbytes X 8 banks)* 


*Two 256 Kbytes X 8 banks can be used by changing the offset. 
8000016 Other than the CS area(Microprocessor mode:512 Kbytes X 8 banks) 
€000016 Reserved area 


YYYYY16 CS0(Microprocessor mode:256 Kbytes) 
Internal ROM 
FFFFFi6 


PM13=1 
Internal RAM Internal ROM xternal area 
Capacity | Address XxxxxX1s | Capacity | Address YYYYYi6 cso. CSi C82 CS3 Other than the CS area (Note) 
4 Kbytes} 013FFi6 48 Kbytes} F400016 Microprocessor mode 2800016e— =| When PM10=0 Memory expansion mode 
5 Kbytes} _017FFie 64 Kbytes] _F000016 C000016—FFFFFi6 3FFFFi6 0800016—26FFFi6 4000016—7FFFF16 
10 Kbytes| _02BFFie 96 Kbytes} E800016 When PM10=1 Microprocessor mode 
12 Kbytes| _033FFi6 128 Kbytes|__£000016 1000016-26FFF16 4000016—BFFFF16 
16 Kbytes| _043FF16 192 Kbytes; D000016 
20 Kbytes} _O53FFie 256 Kbytes|__C000016 
24 Kbytes O63FFi6 320 Kbytes} B000016 
31 Kbytes O7FFFi6 384 Kbytes} A000016 
512 Kbytes] 8000016 





















































Note : The CSO pin outputs a low signal, and the CS1-CS3 pins output a bank number. 





Figure 1.8.5. Memory Mapping and CS Area in 4 Mbyte Mode (PM13=1) 
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Figure 1.8.6 shows the external memory connect example in 4 Mbyte mode. 

In this example, the CS pin of 4-Mbyte ROM is connected to the CSO pin of microcomputer. The 4 Mbyte 
ROM address input AD21, AD20 and AD19 pins are connected to the CS3, CS2 and CS1 pins of micro- 
computer, respectively. The address input AD18 pin is connected to the A19 pin of microcomputer. Fig- 
ures 1.8.7 to 1.8.9 show the relationship of addresses between the 4-Mbyte ROM and the microcomputer 
for the case of a connection example in Figure 1.8.6. 

In microprocessor mode, or in memory expansion mode where the PM13 bit in the PM1 register is “O”, 
banks are located every 512 Kbytes. Setting the OFS bit in the DBR register to “1”(offset) allows the 
accessed address to be offset by 4000016, so that even the data overlapping a bank boundary can be 
accessed in succession. 

In memory expansion mode where the PM13 bit is “1”, each 512-Kbyte bank can be accessed in 256 
Kbyte units by switching them over with the OFS bit. 

Because the SRAM can be accessed on condition that the chip select signals S2 = “H” and S1 =“L’, CSO 
and CS2 can be connected to S2 and S1, respectively. If the SRAM does not have the input pins to accept 
“H” active and “L” active chip select signals(S1, S2), CSO and CS2 should be decoded external to the 
chip. 








4M bytes ROM 


. 
o 
2 
=) 
rom 
€ 
fo) 
ro) 
fo) 
2 
2 
= 


DQ0O to DQ7 


ADO to AD16 


128K bytes SRAM 





Note: If only one chip select pin (S1 or S2) is present, 
decoding by use of an external circuit is required. 





Figure 1.8.6. External Memory Connect Example in 4M Byte Mode 
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Memory expansion mode where PM13 =0 


ROM address Microcomputer address 


OFS bit of the DBR register=0 OFS bit of the DBR register=1 


‘dog ABojouysa] sesauay 


SVSJINDB2 


(L) 48}INdwWOd010I|y UO BSOU] Puke WOH 214g WW-p UO SdsSsaippy UseM}eg diysuoHeEjay “2°91 eunbig 





Bank Access 
number area 


Output from the microcomputer pins 





CS output Address output 





cs3 


cs2 | CS1 


Ate 


Ais—Ao 





4000016 


0 0 


000016 


00000016 





BFFFF16 


0 0 


FFFFie 


O7FFFFi6 





4000016 


000016 


04000016 





BFFFF16 


FFFFie 


OBFFFF16 





4000016 


000016 


08000016 





4000016 


BFFFF16 


FFFFie 


000016 


OFFFFF16 
0C000016 





BFFFF16 


FFFFie 


13FFFF16 





4000016 


BFFFF16 


000016 
FFFFie 


10000016 
17FFFF16 





4000016 


000016 


14000016 





4000016 


BFFFF16 


FFFFie 


000016 


1BFFFF16 
18000016 





BFFFF16 


FFFFie 


1FFFFFi6 





4000016 


BFFFF16 


000016 
FFFFie 


16000016 
23FFFF16 





4000016 


000016 


20000016 





BFFFF16 





4000016 


FFFFie 


000016 


27FFFF16 
24000016 





BFFFF16 


FFFFie 


2BFFFFi6 





4000016 


000016 


28000016 





BFFFF16 


FFFFie 


2FFFFF16 





4000016 


000016 


2000016 





BFFFF16 


FFFFie 


33FFFF16 





4000016 


000016 


30000016 





BFFFF16 


FFFFie 


37FFFFi6 





4000016 


000016 


34000016 





BFFFF16 


FFFFie 


3BFFFFi6 





4000016 


7FFFF16 


000016 
FFFFie 


38000016 
SBFFFF16 





8000016 


000016 


30000016 





BFFFF16 
co000016 


FFFFie 


000016 


3FFFFF16 
30000016 





CFFFF16 


FFFFie 


3CFFFF16 








D000016 
DFFFF16 


Internal ROM access 


Internal ROM access 





D000016 


Internal ROM access 











N.C.: No connected 


DFFFF16 





A20 | A19 | A18 | N.C. 











AI7 





A16 





Address input for 4-Mbyte ROM 


A15-AO 





Internal ROM access 


Address input for 4- 
Mbyte ROM 


Program or data 


Program or data 





00000016 





04000016 


08000016 


0C000016 


10000016 


14000016 


18000016 





10000016 





20000016 


24000016 


28000016 


2C000016 


30000016 





34000016 


30000016 


3FFFFFI6 





4000016 
bank 0 


| (512 Kbytes) 


BFFFF16 
4000016 


bank 1 


| (512 Kbytes) 


BFFFF16 
4000016 


bank 2 


(512 Kbytes) 


BFFFF16 
4000016 


bank 3 


‘| (512 Kbytes) 


BFFFF16 
4000016 


bank 4 


“| (512 Kbytes) 


BFFFF16 
4000016 


bank 5 


“| (512 Kbytes) 


BFFFF16 
4000016 


bank 6 


“| (512 Kbytes) 


BFFFF16 


4000016 
bank 7 


: (512 Kbytes) 

















4000016 


__bank 0 
(512 Kbytes) 


BFFFF16 
4000016 


bank 1 
(512 Kbytes) 


BFFFF16 
4000016 


bank 2 


(512 Kbytes) 


BFFFF16 
4000016 


__bank 3 


(512 Kbytes) 


BFFFF16 
4000016 


bank 4 


“(512 Kbytes) 


BFFFFi6 
4000016 


bank 5 


“(512 Kbytes) 


BFFFF16 
4000016 


bank 6 


(512 Kbytes) 


BFFFF16 





uoloun4 uoisuedxy eoeds Ajoway\ 


YALNdNOSOYOSIN SOWD 118-91 dIHO-ATONIS 


dnoi5 4z9/ O9LW 


SJOINGWODOJOILU SESOUDY 


‘dog ABojouysa| sesauay 


SVSJIN32 


67 


(Z) 4a3NdWOd019I|y UO DSOU]L PUL WOH 214g IN-p UO SeSsaippy UsEeMjog diysuO!ejay “g"9") einbi4 


Access 
area 


4000016 


Memory expansion mode where PM13 =1 


Output from the microcomputer pins 





CS output 


Address output 





000016 


00000016 





7FFFF 16 


FFFFis 


O3FFFF16 





4000016 


000016 


04000016 





7FFFF16 


FFFFis 


O7FFFFi6 





4000016 
7FFFFi6 
4000016 


000016 
FFFFis 


000016 


08000016 
OBFFFFi6 
0C000016 





7FFFFI6 


FFFFis 


OFFFFFi6 





4000016 


000016 


10000016 





7FFFF16 


FFFFis 


13FFFF16 





4000016 


000016 


14000016 





7FFFFI6 


FFFFis 


17FFFF16 





4000016 
7FFFFi6 
4000016 


000016 
FFFFis 


000016 


18000016 
1BFFFFi6 
10000016 





7FFFF16 


FFFFis 


1FFFFFie6 





4000016 


000016 


20000016 





7FFFFI6 


FFFFis 


23FFFF16 





4000016 


000016 


24000016 





7FFFF 16 


FFFFis 


27FFFF16 





4000016 
7FFFFi6 
4000016 


000016 
FFFFis 


000016 


28000016 
2BFFFFi6 


2C000016 





7FFFFI6 


FFFFis 


2FFFFFi6 





4000016 


000016 


30000016 





7FFFF16 


FFFFis 


33FFFF16 





4000016 


000016 


34000016 





7FFFFI6 


FFFFis 


37FFFF16 





4000016 
7FFFFI6 
8000016 








000016 
FFFFis 


38000016 
3BFFFFi6 





Internal ROM access 





FFFFFi6 


Internal ROM access 





4000016 


000016 


30000016 





7FFFF16 


FFFFis 


3FFFFFI6 





8000016 


Internal ROM access 











FFFFFi6 


Internal ROM access 











A19 





A18& 





N.C. 





AI7 





A16 





Address input for 4-Mbyte ROM 


A15-A0 





Address input for 4- 
Mbyte ROM 








N.C.: No connected 


Program or data 


Program or data 





ROM address 


00000016 


04000016 


08000016 


0C000016 


10000016 


14000016 


18000016 


10000016 


20000016 


24000016 


28000016 


2C000016 


30000016 


34000016 


30000016 





SFFFFFi6 


Microcomputer address 


OFS bit of the DBR register=0 


(256 Kbytes) 


bank 1 


(256 Kbytes) 


(256 Kbytes) 


(256 Kbytes) 


bank 5 


(256 Kbytes) 


(256 Kbytes) 


(256 Kbytes) 








4000016 


7FFFF16 


4000016 


7FFFF16 


4000016 


7FFFF16 


4000016 


7FFFF16 


4000016 


7FFFF16 


4000016 


7FFFF16 


4000016 


7FFFF16 


OFS bit of the DBR register=1 


bank 0 
(256 Kbytes) 


bank 1 
(256 Kbytes) 


(256 Kbytes) 


(256 Kbytes 


4000016 


7FFFF16 


4000016 


7FFFF16 


4000016 


7FFFF16 


4000016 


7FFFF16 


4000016 


7FFFF16 


4000016 


7FFFF16 


4000016 


7FFFF16 


4000016 


7FFFF16 
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Microprocessor mode 


ROM address Microcomputer address 


OFS bit of the DBR register=0 OFS bit of the DBR register=1 


Bank 
number 


Access 
area 


Output from the microcomputer pins 


CS output 


Address output 





CS3 | CS2 


Aié 


A1s—Ao 





4000016 





BFFFF16 


4000016 
BFFFF16 


4000016 
BFFFF16 


000016 
FFFFie 


000016 
FFFFie 


000016 
FFFFi6 


00000016 
O7FFFF16 
04000016 
OBFFFFi6 
08000016 
OFFFFF16 





4000016 


000016 


0C000016 





BFFFF16 


FFFFi6 


13FFFFi6 





4000016 


000016 


10000016 





BFFFF16 


FFFFi6 


17FFFF16 





4000016 


000016 


14000016 





BFFFF16 


FFFFi6 


1BFFFFi6 





4000016 


000016 


18000016 





BFFFF16 


FFFFi6 


1FFFFF16 





4000016 


000016 


1C000016 





BFFFF16 


FFFFi6 


23FFFF16 





4000016 


000016 


20000016 





BFFFF16 


FFFFi6 


27FFFF16 





4000016 


000016 


24000016 





BFFFF16 


FFFFi6 


2BFFFF16 





4000016 


000016 


28000016 





BFFFF16 


FFFFi 


2FFFFFi6 





4000016 


000016 


2C000016 





BFFFF16 


FFFFi6 


33FFFFi6 





4000016 


000016 


30000016 





BFFFF16 


FFFFi6 


37FFFF16 





4000016 


000016 


34000016 





BFFFF16 


FFFFi6 


3BFFFF16 





4000016 


000016 


38000016 





7FFFF16 


FFFFi6 


SBFFFF16 





8000016 


000016 


30000016 











BFFFF16 


C000016 
FFFFF16 


FFFFi6 


000016 
FFFFie 


SFFFFFi6 
30000016 
SFFFFFi6 











N.C. | A17 | A16 

















A15-A0 








Address input for 4-Mbyte ROM 


Address input for 4- 
Mbyte ROM 











N.C.: No connected 


00000016 





04000016 


08000016 


0C000016 


10000016 





14000016 





18000016 


10000016 





20000016 





24000016 


28000016 


2C000016 





30000016 


34000016 





36000016 





3FEFFFi6 











(512 Kbytes) 


(512 Kbytes) 


BFFFF16 


‘| (512 Kbytes) 


BFFFF16 


*) (512 Kbytes) 


BFFFF16 


“|(512 Kbytes) 


BFFFF16 


‘| (612 Kbytes) 


BFFFF16 
4000016 


| (612 Kbytes) 7FFFFi6 


C000016 
FFFFFi6 





4000016 
bank 0 


(512 Kbytes) 


BFFFF16 
4000016 
bank 1 


(512 Kbytes) 


BFFFF16 
4000016 


bank 2 
(512 Kbytes) 


BFFFF16 
4000016 


bank 3 


(512 Kbytes) 


BFFFF16 
4000016 


bank 4 
| (512 Kbytes) 


BFFFF16 
4000016 


bank 5 
(512 Kbytes) 


BFFFF16 
4000016 
bank 6 


(512 Kbytes) 





BFFFF16 
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Clock Generation Circuit 


The clock generation circuit contains four oscillator circuits as follows: 
(1) Main clock oscillation circuit 

(2) Sub clock oscillation circuit 

(3) Ring oscillator 

(4) PLL frequency synthesizer 


Table 1.9.1 lists the clock generation circuit specifications. Figure 1.9.1 shows the clock generation circuit. 
Figures 1.9.2 to 1.9.6 show the clock-related registers. 


Table 1.9.1. Clock Generation Circuit Specifications 


PLL frequency 


Main clock Sub clock Ring oscillator Spaineee 


oscillation circuit oscillation circuit 


Use of clock * CPU clock source | CPU clock source |* CPU clock source ¢ CPU clock source 

« Peripheral function) + Timer A, B's clock | * Peripheral function clock source} * Peripheral function clock 
clock source source * CPU and peripheral function source 

clock sources when the main 

clock stops oscillating 


* Ceramic oscillator 
* Crystal oscillator 


Pins to connect 
oscillator 
Oscillation stop, 
restart function 


Oscillator status 
after reset 





Externally derived clock can be input 
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CMo1-CM00=002 

PMO1-PMO0=002, CMO1-CMO0=012 g 

PMo1-PM00=002, CM01-CM00=102__, CLkKout 
PM01-PM00=002, 

? CMo1-CMo0=112 


Sub-clock 


V/O ports 
generating circuit P 








XCIN XCOUT 


oO 


fcos2 

















1/32 











fi 








Sub-clock 


q PCLKO=1 


© PCLKO=0 
































fs 
® 








Ring 
oscillator 
clock 


Ring 
oscillator 




















fAD 








Oscillation 
stop, re- 
oscillation 
detection 
circuit 








@  PCLK1=1 


© PCLK1=0 
fssio 























CM10=1(stop mode) PLL 


frequency 
synthesizer e 


PLL 
4 | clock 


CM11 


XIN XOuT 


-_ 


fa2si0 














4 
bTc 
CMo7-0 























D4INT clock 














Divider 





CPU clock 

















Main 

















LK 


[ clock 
Main clock 
cmos 92nerating circuit 





























WAIT instruction 






























































1/8 1/16 


CMO06=0 
CM17-CM16=112 





FESEIO— GD 


Software reset 


MO — 


Interrupt request level judgment output 




















CMO06=1 


CMO06=0 
CM17-CM16=102 
29 ~o——d 


O 
——o 











CMO02, CM04, CMO5, CM06, CM07: CMO register bits 
CM10, CM11, CM16, CM17: CM1 register bits 
PCLKO, PCLK1: PCLK register bits 

CM21,CM27_ : CM2 register bits 


CMO06=0 
CM17-CM16=012 











CMO6=0 


CM17-CM16=002 Details of divider 














Reset 
generating 
circuit 


Pulse generation 
circuit for clock 
—+4edge detection 


Oscillation stop 


, detection reset 


Charge, 
discharge 











and charge, 
discharge control 








circuit 


Oscillation stop, 
re-oscillation 
detection interrupt 
generating circuit 





| Oscillation stop, 
re-oscillation 
detection signal 








[| 


® CM21 switch signal 








Programmable 
counter 











Phase 
comparator 





Main clock 





Figure 1.9.1. Clock Generation Circuit 
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Voltage 
control 
oscillator 
(VCO) 











Renesas microcomputers 


M16C / 62P Group 


Clock Generation Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


System clock control register 0 (Note 1) 


b7 b6 bS b4 b3 b2 bi bd 


Symbol Address After reset 
CMO 000616 010010002 


Bi symbol 


. bi 
Clock output function 0 0 : VO port P57 RW] 


select bit 01 : fc output 
(Valid only in single-chip 10: fs output 


mode) 11 : f32 output 
CMo2 WAIT peripheral function i : Do not stop peripheral function clock in wait mode RW 

clock stop bit (Note 10) : Stop peripheral function clock in wait mode (Note 8) 
XCIN-XCOUT drive capacity ie LOW 

select bit (Note 2) : HIGH 
Port Xc select bit :/O port P86, P87 

(Note 2) : XCIN-XCOUT generation function(Note 9) 
Main clock stop bit ae On 

(Notes 3, 10, 12, 13) : Off (Note 4, Note5) 


Main clock division select . CM16 and CM17 valid 
bit 0 (Notes 7, 13, 14) : Division by 8 mode 


System clock select bit 0 : Main clock, PLL clock, or ring oscillator clock 
(Notes 6, 10, 11, 12) 1 : Sub-clock 











: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable). 

: The CMO3 bit is set to “1” (high) when the CM04 bit is set to “O” (I/O port) or the microcomputer goes to a stop mode. 

: This bit is provided to stop the main clock when the low power dissipation mode or ring oscillator low power dissipation mode 
is selected. This bit cannot be used for detection as to whether the main clock stopped or not. To stop the main clock, the 
following setting is required: 

(1) Set the CM07 bit to “1” (Sub-clock select) or the CM21 bit of CM2 register to “1” (Ring oscillator select) with the sub-clock 

stably oscillating. 

(2) Set the CM20 bit of CM2 register to “O” (Oscillation stop, re-oscillation detection function disabled). 

(3) Set the CMO5 bit to “1” (Stop). 
Note 4: During external clock input, only the clock oscillation buffer is turned off and clock input is accepted if the sub clock is not 
chosen as a CPU clock. 
Note 5: When CM05 bit is set to “1, the XOUT pin goes “H”. Furthermore, because the internal feedback resistor remains connected, 
the XIN pin is pulled “H” to the same level as XOuT via the feedback resistor. 
Note 6: After setting the CM04 bit to “1” (XcIN-XCOUT oscillator function), wait until the sub-clock oscillates stably before switching 
the CM07 bit from “0” to “1” (sub-clock). 
Note 7: When entering stop mode from high or middle speed mode, ring oscillator mode or ring oscillator low power mode, the CM06 
bit is set to “1” (divide-by-8 mode). 
Note 8: The fc32 clock does not stop. During low speed or low power dissipation mode, do not set this bit to “1” (peripheral clock 
turned off when in wait mode). 
Note 9: To use a sub-clock, set this bit to “1”. Also make sure ports P86 and P87 are directed for input, with no pull-ups. 
Note 10: When the PM21 bit of PM2 register is set to “1” (clock modification disable), writing to the CM02, CMO5, and CM07 bits has 
no effect. 
Note 11: If the PM21 bit needs to be set to “1”, set the CM07 bit to “O”(main clock) before setting it. 
Note 12: To use the main clock as the clock source for the CPU clock, follow the procedure below. 
(1) Set the CMO5 bit to “O” (oscillate). 
(2) Wait until td(M-L) elapses or the main clock oscillation stabilizes, whichever is longer. 
(3) Set the CM11, CM21 and CM07 bits all to “O”. 
Note 13: When the CM21 bit = 0 (ring oscillator turned off) and the CM05 bit = 1 (main clock turned off), the CMO06 bit is fixed to “1” 
(divide-by-8 mode) and the CM15 bit is fixed to “1” (drive capability High). 
Note 14: To return from ring oscillator mode to high-speed or middle-speed mode, set the CM06 and CM15 bits both to “1”. 








Figure 1.9.2. CMO Register 
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System clock control register 1 (Note 1) 


b7 b6 bS b4 b3 b2 bi b0 


BRBQOUR Eee = 001000002 





‘| Bit symbol Function 


CM10 _ |All clock stop control bit 0 : Clock on 

(Notes 4, 6) 1 : All clocks off (stop mode) 
CM11 System clock select bit 1 : Main clock 

(Notes 6, 7) : PLL clock (Note 5) 


(b4-b: -b2) Reserved bit Must set to “0” 


XIN-XOUT drive capacity a LOW 
select bit (Note 2) : HIGH 
b7 b6 


Main clock division 00: No division mode 
select bit 1 (Note 3) 01 : Division by 2 mode 


10: Division by 4 mode 
11 : Division by 16 mode 


: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable). 

Note 2: When entering stop mode from high or middle speed mode, or when the CM05 bit is set to “1” (main clock turned off) in low 
speed mode, the CM15 bit is set to “1” (drive capability high). 

Note 3: Effective when the CM06 bit is “O” (CM16 and CM17 bits enable). 

Note 4: If the CM10 bit is “1” (stop mode), XOUT goes “H” and the internal feedback resistor is disconnected. The XCIN and XCOUT 
pins are placed in the high-impedance state. When the CM11 bit is set to “1” (PLL clock), or the CM20 bit of CM2 register is 
set to “1” (oscillation stop, re-oscillation detection function enabled), do not set the CM10 bit to “1”. 

Note 5: After setting the PLCO7 bit in PLCO register to “1” (PLL operation), wait until Tsu (PLL) elapses before setting the CM11 bit to 
“1” (PLL clock). 

Note 6: When the PM21 bit of PM2 register is set to “1” (clock modification disable), writing to the CM10, CM011 bits has no effect. 
When the PM22 bit of PM2 register is set to “1” (watchdog timer count source is ring oscillator clock), writing to the CM10 bit 
has no effect. 

Note 7: Effective when CM07 bit is “O” and CM21 bit is “O” . 





Figure 1.9.3. CM1 Register 
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Oscillation stop detection register (Note 1) 


oh =a Ga Symbol Address After reset 
| tefot Lt CM2 000C16 = 0X0000002(Note 11) 


Oscillation stop, re- 0: Oscillation stop, re-oscillation 

oscillation detection bit detection function disabled 

(Notes 7, 9, 10, 11) 1: Oscillation stop, re-oscillation 
detection function enabled 


System clock select bit 2 | 0: Main clock or PLL clock 
(Notes 2, 3, 6, 8, 11, 12) | 1: Ring oscillator clock 
(Ring oscillator oscillating) 


Oscillation stop, re- : Main clock stop, re-oscillation 

oscillation detection flag not detected 

(Note 4) : Main clock stop, re-oscillation 
detected 


XIN monitor flag 0: Main clock oscillating 
(Note 5) 1: Main clock turned off 
(b5-b4) | Reserved bit Must set to “0” Rw | 


—_ Nothing is assigned. When write, set to “O”. When read, its 
(b6) content is indeterminate. 


Operation select bit 0: Oscillation stop detection reset 
(when an oscillation stop,| 1: Oscillation stop, re-oscillation 
re-oscillation is detected)} detection interrupt 

(Note 11) 

: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable). 

: When the CM20 bit is “1” (oscillation stop, re-oscillation detection function enabled), the CM27 bit is “1” 
(oscillation stop, re-oscillation detection interrupt), and the CPU clock source is the main clock, the 
CM21 bit is set to “1” (ring oscillator clock) if the main clock stop is detected. 

: If the CM20 bit is “1” and the CM23 bit is “1” (main clock turned off), do not set the CM21 bit to “O”. 

: This flag is set to “1” when the main clock is detected to have stopped and when the main clock is 
detected to have restarted oscillating. When this flag changes state from “0” to “1”, an oscillation stop or 
an oscillation restart detection interrupt is generated. Use this flag in an interrupt routine to discriminate 
the causes of interrupts between the oscillation stop and oscillation restart detection interrupts and the 
watchdog timer interrupt. The flag is cleared to “O” by writing a “O” in a program. (Writing a “1” has no 
effect. Nor is it cleared to “O” by an oscillation stop or an oscillation restart detection interrupt request 
acknowledged.) 

If when the CM22 bit = 1 an oscillation stoppage or an oscillation restart is detected, no oscillation 
stop and oscillation restart detection interrupts are generated. 

: Read the CM23 bit in an oscillation stop, re-oscillation detection interrupt handling routine to determine 
the main clock status. 

: Effective when the CMO07 bit of CMO register is “O”. 

: When the PM21 bit of PM2 register is “1” (clock modification disabled), writing to the CM20 bit has no 
effect. 

: Where the CM20 bit is “1” (oscillation stop, re-oscillation detection function enabled), the CM27 bit is “1” 
(oscillation stop, re-oscillation detection interrupt), and the CM11 bit is “1” (the CPU clock source is PLL 
clock), the CM21 bit remains unchanged even when main clock stop is detected. If the CM22 bit is “O” 
under these conditions, oscillation stop, re-oscillation detection interrupt occur at main clock stop 
detection; it is, therefore, necessary to set the CM21 bit to “1” (ring oscillator clock) inside the interrupt 
routine. 

Note 9: Set the CM20 bit to “0” (disable) before entering stop mode. After exiting stop mode, set the CM20 bit 
back to “1” (enable). 

Note 10: Set the CM20 bit to “O” (disable) before setting the CM05 bit of CMO register. 

Note 11: The CM20, CM21 and CM27 bits do not change at oscillation stop detection reset. 

Note 12: When the CM21 bit = 0 (ring oscillator turned off) and the CMO5 bit = 1 (main clock turned off), the CMO 
6 bit is fixed to “1” (divide-by-8 mode) and the CM15 bit is fixed to “1” (drive capability High). 





Figure 1.9.4. CM2 Register 
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Peripheral clock select register (Note) 
b7 b6 bS b4 b3 b2 b1 bd Symbol Address When reset 


fofofofof ojo] | | PCLKR 025E16 0000001 12 


i Timers A, B clock select bit 
: (Clock source for the 
timers A, B, and the dead 

: timer) 


pocceeee 


SI/O clock select bit ; : fosio 
(Clock source for UARTO - F410 
to UART2, SI/O3, SI/O4) 


Reserved bit “0” 


: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable). 


Processor mode register 2 (Note 1) 
b7 b6 b5 b4 b3 b2 b1 bO Symbol Address After reset 


ee PM2 O01E16 XXX000002 


Sere Specifying wait when 
accessing SFR at PLL 0: = Hi 
operation (Note 2) 


PM21 System clock protective | g : Clock is protected by PRCR 


bit 
gister 
(Note 3, Note 4) : Clock modification disabled 


PM22 WDT count source 0: CPU clock is used for the 
protective bit watchdog timer count source 
(Note 3, Note 5) | 1 : Ring oscillator clock is used 
for the watchdog timer count 
source 


Reserved bit Must set to “0” 
(b4-b3) 


Poa is assigned. When write, set to “O”. When read, its 
content is indeterminate. 


: Write to this register after EZ the PRC1 bit of PRCR register to “1” (write enable). 

: This bit can only be rewritten while the PLCO7 bit is “O” (PLL turned off). Also, to select a 16 MHz or higher PLL 
clock, set this bit to “O” (2 waits). Note that if the clock source for the CPU clock is to be changed from the PLL 
clock to another, the PLCO7 bit must be set to “O” before setting the PM20 bit. 

: Once this bit is set to “1”, it cannot be cleared to “O” in a program. 

: If the PM21 bit is set to “1”, writing to the following bits has no effect: 

CMO02 bit of CMO register 
CM05 bit in the CMO register (main clock does not stop) 
CM07 bit in the CMO register (clock source for the CPU clock does not change) 
CM10 bit of CM1 register (stop mode is not entered) 
CM11 bit in the CM1 register (clock source for the CPU clock does not change) 
CM20 bit of CM2 register (oscillation stop, re-oscillation detection function settings do not change) 
All bits of PLCO register (PLL frequency synthesizer settings do not change) 
Be aware that the WAIT instruction cannot be executed when the PM21 bit = 1. 
: Setting the PM22 bit to “1” results in the following conditions: 
¢ The ring oscillator starts oscillating, and the ring oscillator clock becomes the watchdog timer count source. 
« The CM10 bit of CM1 register is disabled against write. (Writing a “1” has no effect, nor is stop mode 
entered.) 
« The watchdog timer does not stop when in wait mode or hold state. 





Figure 1.9.5. PCLKR Register and PM2 Register 
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PLL control register 0 (Note 1, Note 2) 


b7 b6 bS b4 63 b2 bi b0 Symbol Address After reset 


Ltofolipd TL] rico 001C e001 x0102 
a Bit name Function 
symbol 


b2b1b0 
PLL multiplying factor 0 0 0: Do not set 


select bit (Note 3)! 9 0 1: Multiply by 2 
0 1 0: Multiply by 4 

1: Multiply by 6 
: Multiply by 8 


01 
10 
10 
11 
11 


0 
1: 
. Do not set 





Nothing is assigned. When write, set to “O”. 
When read, its content is indeterminate. 





Reserved bit Must set to “1” 





Reserved bit Must set to “O” 





Operation enable bit 0: PLL Off 
EEOOe (Note 4)} 1: PLL On 
Note 1: Write to this register after setting the PRCO bit of PRCR register to “1” (write enable). 
Note 2: When the PM21 bit of PM2 register is “1” (clock modification disable), writing to this register has no effect. 
Note 3: These three bits can only be modified when the PLCO7 bit = 0 (PLL turned off). The value once written to this bit 
cannot be modified. 
Note 4: Before setting this bit to “1” , set the CM07 bit to “O” (main clock), set the CM17 to CM16 bits to “002” 
(main clock undivided mode), and set the CM06 bit to “O” (CM16 and CM17 bits enable). 





Figure 1.9.6. PLCO Register 
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The following describes the clocks generated by the clock generation circuit. 
(1) Main Clock 


This clock is used as the clock source for the CPU and peripheral function clocks. This clock is used as 
the clock source for the CPU and peripheral function clocks. The main clock oscillator circuit is configured 
by connecting a resonator between the XIN and XOUT pins. The main clock oscillator circuit contains a 
feedback resistor, which is disconnected from the oscillator circuit during stop mode in order to reduce the 
amount of power consumed in the chip. The main clock oscillator circuit may also be configured by 
feeding an externally generated clock to the XIN pin. Figure 1.9.7 shows the examples of main clock 
connection circuit. 

After reset, the main clock divided by 8 is selected for the CPU clock. 

The power consumption in the chip can be reduced by setting the CM05 bit of CMO register to “1” (main 
clock oscillator circuit turned off) after switching the clock source for the CPU clock to a sub clock or ring 
oscillator clock. In this case, XOUT goes “H”. Furthermore, because the internal feedback resistor remains 
on, XIN is pulled “H” to XOUT via the feedback resistor. Note that if an externally generated clock is fed into 
the XIN pin, the main clock cannot be turned off by setting the CMO05 bit to “1”, unless the sub clock is 
chosen as a CPU clock. If necessary, use an external circuit to turn off the clock. 

During stop mode, all clocks including the main clock are turned off. Refer to “power control”. 


Microcomputer Microcomputer 
(Built-in feedback resistor) (Built-in feedback resistor) 


XIN XOUT XIN XOuT 


' Open 


Externally derived clock 


ais Toor va! LELPLS 
= = Vss 


Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive 
capacity setting. Use the value recommended by the maker of the oscillator. 
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's 
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XIN 
and XOuT following the instruction. 





Figure 1.9.7. Examples of Main Clock Connection Circuit 
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(2) Sub Clock 


The sub clock is generated by the sub clock oscillation circuit. This clock is used as the clock source for 
the CPU clock, as well as the timer A and timer B count sources. In addition, an fc clock with the same 
frequency as that of the sub clock can be output from the CLKOUT pin. 

The sub clock oscillator circuit is configured by connecting a crystal resonator between the XCIN and 
XCOUT pins. The sub clock oscillator circuit contains a feedback resistor, which is disconnected from the 
oscillator circuit during stop mode in order to reduce the amount of power consumed in the chip. The sub 
clock oscillator circuit may also be configured by feeding an externally generated clock to the XCIN pin. 
Figure 1.9.8 shows the examples of sub clock connection circuit. 

After reset, the sub clock is turned off. At this time, the feedback resistor is disconnected from the oscilla- 
tor circuit. 

To use the sub clock for the CPU clock, set the CM07 bit of CMO register to “1 ” (sub clock) after the sub 
clock becomes oscillating stably. 

During stop mode, all clocks including the sub clock are turned off. Refer to “power control”. 


Microcomputer Microcomputer 
(Built-in feedback resistor) (Built-in feedback resistor) 


XCIN XCOuUT XCIN XCOUT 


t Open 


Externally derived clock 


ae ae ve ee eee 


Note: Insert a damping resistor if required. The resistance will vary depending on the oscillator and the oscillation drive 
capacity setting. Use the value recommended by the maker of the oscillator. 
When the oscillation drive capacity is set to low, check that oscillation is stable. Also, if the oscillator manufacturer's 
data sheet specifies that a feedback resistor be added external to the chip, insert a feedback resistor between XCIN 
and XcouT following the instruction. 





Figure 1.9.8. Examples of Sub Clock Connection Circuit 
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(3) Ring Oscillator Clock 

This clock, approximately 1 MHz, is supplied by a ring oscillator. This clock is used as the clock source for 
the CPU and peripheral function clocks. In addition, if the PM22 bit of PM2 register is “1” (ring oscillator 
clock for the watchdog timer count source), this clock is used as the count source for the watchdog timer 
(Refer to “watchdog timer * Count source protective mode”. 

After reset, the ring oscillator is turned off. It is turned on by setting the CM21 bit of CM2 register to “1” 
(ring oscillator clock), and is used as the clock source for the CPU and peripheral function clocks, in place 
of the main clock. If the main clock stops oscillating when the CM20 bit of CM2 register is “1” (oscillation 
stop, re-oscillation detection function enabled) and the CM27 bit is “1” (oscillation stop, re-oscillation 
detection interrupt), the ring oscillator automatically starts operating, supplying the necessary clock for 
the microcomputer. 


(4) PLL Clock 


The PLL clock is generated PLL frequency synthesizer. This clock is used as the clock source for the 
CPU and peripheral function clocks. After reset, the PLL clock is turned off. The PLL frequency synthe- 
sizer is activated by setting the PLCO07 bit to “1” (PLL operation). When the PLL clock is used as the clock 
source for the CPU clock, wait tsu(PLL) for the PLL clock to be stable, and then set the CM11 bit in the 
CM1 register to “1”. 
Before entering wait mode or stop mode, be sure to set the CM11 bit to “O” (CPU clock source is the main 
clock). Furthermore, before entering stop mode, be sure to set the PLCO7 bit in the PLCO register to “O” 
(PLL stops). Figure 1.9.9 shows the procedure for using the PLL clock as the clock source for the CPU. 
The PLL clock frequency is determined by the equation below. 

PLL clock frequency=f(XIN) X (multiplying factor set by the PLC02 to PLCOO bits PLCO register 

(However, 10 MHz < PLL clock frequency < 24 MHz) 

The PLC02 to PLCOO bits can be set only once after reset. Table 1.9.2 shows the example for setting PLL 
clock frequencies. 


Table 1.9.2. Example for Setting PLL Clock Frequencies 


XIN PLCO2 PLCO1 PLCOO Multiplying factor PLL clock 
(MHz) (MHz)(Note) 





Note: 10MHzs<PLL clock frequencys24MHz. 
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Using the PLL clock as the clock source for the CPU 


Set the CMO07 bit to “O” (main clock), the CM17 to CM16 
bits to “002”(main clock undivided), and the CMO6 bit to “O” 
(CM16 and CM17 bits enabled). (Note) 





Set the PLC02 to PLCOO bits (multiplying factor). 





(To select a 16 MHz or higher PLL clock) 
Set the PM20 bit to “0” (2-wait states). 





Set the PLCO7 bit to “1” (PLL operation). 


Wait until the PLL clock becomes stable (tsu(PLL)). 


Set the CM11 bit to “1” (PLL clock for the CPU clock source). 


Note : PLL operation mode can be entered from high speed mode. 





Figure 1.9.9. Procedure to Use PLL Clock as CPU Clock Source 
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CPU Clock and Peripheral Function Clock 
Two type clocks: CPU clock to operate the CPU and peripheral function clocks to operate the peripheral 
functions. 


(1) CPU Clock and BCLK 


These are operating clocks for the CPU and watchdog timer. 
The clock source for the CPU clock can be chosen to be the main clock, sub clock, ring oscillator clock or 
the PLL clock. 
If the main clock or ring oscillator clock is selected as the clock source for the CPU clock, the selected 
clock source can be divided by 1 (undivided), 2, 4, 8 or 16 to produce the CPU clock. Use the CMO06 bit in 
CMO register and the CM17 to CM16 bits in CM1 register to select the divide-by-n value. 
When the PLL clock is selected as the clock source for the CPU clock, the CMO6 bit should be set to “0” 
and the CM17 to CM16 bits to “002” (undivided). 
After reset, the main clock divided by 8 provides the CPU clock. 
During memory expansion or microprocessor mode, a BCLK signal with the same frequency as the CPU 
clock can be output from the BCLK pin by setting the PM07 bit of PMO register to “O” (output enabled). 
Note that when entering stop mode from high or middle speed mode, ring oscillator mode or ring oscillator 
low power dissipation mode, or when the CMO05 bit of CMO register is set to “1” (main clock turned off) in 
low-speed mode, the CMO6 bit of CMO register is set to “1” (divide-by-8 mode). 

(2) Peripheral Function Clock(f1, f2, fs, £32, f1SI0, f2SI0, f8SIO, f32SI0, fAD, fC32) 
These are operating clocks for the peripheral functions. 
Of these, fi (i = 1, 2, 8, 32) and fisio are derived from the main clock, PLL clock or ring oscillator clock by 
dividing them by i. The clock fi is used for timers A and B, and fisio is used for serial I/O. The fg and f32 
clocks can be output from the CLKOUT pin. 
The fAD clock is produced from the main clock, PLL clock or ring oscillator clock, and is used for the A-D 
converter. 
When the WAIT instruction is executed after setting the CMO02 bit of CMO register to “1” (peripheral 
function clock turned off during wait mode), or when the microcomputer is in low power dissipation mode, 
the fi, fiSio and fAD clocks are turned off. 
The fc32 clock is produced from the sub clock, and is used for timers A and B. This clock can be used 
when the sub clock is on. 


Clock Output Function 


During single-chip mode, the fg, f32 or fc clock can be output from the CLKOUT pin. Use the CM01 to 
CMO0 bits of CMO register to select. 
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Power Control 
There are three power control modes. For convenience’ sake, all modes other than wait and stop modes 
are referred to as normal operation mode here. 


(1) Normal Operation Mode 


Normal operation mode is further classified into seven modes. 
In normal operation mode, because the CPU clock and the peripheral function clocks both are on, the 
CPU and the peripheral functions are operating. Power control is exercised by controlling the CPU clock 
frequency. The higher the CPU clock frequency, the greater the processing capability. The lower the CPU 
clock frequency, the smaller the power consumption in the chip. If the unnecessary oscillator circuits are 
turned off, the power consumption is further reduced. 
Before the clock sources for the CPU clock can be switched over, the new clock source to which switched 
must be oscillating stably. If the new clock source is the main clock, sub clock or PLL clock, allow a 
sufficient wait time in a program until it becomes oscillating stably. 
Note that operation modes cannot be changed directly from low speed or low power dissipation mode to 
ring oscillator or ring oscillator low power dissipation mode. Nor can operation modes be changed directly 
from ring oscillator or ring oscillator low power dissipation mode to low speed or low power dissipation 
mode. Where the CPU clock source is changed from the ring oscillator to the main clock, change the 
operation mode to the medium speed mode (divided by 8 mode) after the clock was divided by 8 (the 
CMO6 bit of CMO register was set to “1”) in the ring oscillator mode. 

¢ High-speed Mode 
The main clock divided by 1 provides the CPU clock. If the sub clock is on, fC32 can be used as the 
count source for timers A and B. 
PLL Operation Mode 

The main clock multiplied by 2, 4, 6 or 8 provides the PLL clock, and this PLL clock serves as the CPU 
clock. If the sub clock is on, f¢32 can be used as the count source for timers A and B. PLL operation 
mode can be entered from high speed mode. If PLL operation mode is to be changed to wait or stop 
mode, first go to high speed mode before changing. 
Medium-speed Mode 

The main clock divided by 2, 4, 8 or 16 provides the CPU clock. If the sub clock is on, fc32 can be used 
as the count source for timers A and B. 
Low-speed Mode 

The sub clock provides the CPU clock. The main clock is used as the clock source for the peripheral 
function clock when the CM21 bit is set to “O” (ring oscillator turned off), and the ring oscillator clock is 
used when the CM21 bit is set to “1” (ring oscillator oscillating). 

The fc32 clock can be used as the count source for timers A and B. 
Low Power Dissipation Mode 

In this mode, the main clock is turned off after being placed in low speed mode. The sub clock provides 
the CPU clock. The fc32 clock can be used as the count source for timers A and B. 

Simultaneously when this mode is selected, the CMO6 bit of CMO register becomes “1” (divided by 8 
mode). In the low power dissipation mode, do not change the CMO06 bit. Consequently, the medium 
speed (divided by 8) mode is to be selected when the main clock is operated next. 
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¢ Ring Oscillator Mode 
The ring oscillator clock divided by 1 (undivided), 2, 4, 8 or 16 provides the CPU clock. The ring 
oscillator clock is also the clock source for the peripheral function clocks. If the sub clock is on, fc32 
can be used as the count source for timers A and B. 

¢ Ring Oscillator Low Power Dissipation Mode 
The main clock is turned off after being placed in ring oscillator mode. The CPU clock can be selected 
as in the ring oscillator mode. The ring oscillator clock is the clock source for the peripheral function 
clocks. If the sub clock is on, fC32 can be used as the count source for timers A and B. When the 
operation mode is returned to the high and medium speed modes, set the CMO6 bit to “1” (divided by 
8 mode). 

Table 1.9.3. Setting Clock Related Bit and Modes 


CM2 register CM1 register CMO register 
CM21 CM11 CM17, CM16 CmMo7 | CMO6 | CMO5 





o 


PLL operation mode 
High-speed mode 
Medium- divided by 2 
speed divided by 4 
mode divided by 8 
divided by 16 




















Low-speed mode 

Low power dissipation mode 
divided by 1 002 
divided by 2 — 012 
divided by 4 102 
divided by 8 — 
divided by 16 112 





Slololo}ololojo 


o 
= 


1(Note 1) 


Z 


























CO] SO] CO] SO} CO] Of +=] H+] CO} OC] CO; CO} oO 


I ol ko) Kol Kolko) 


Ring oscillator low power (Note 2) 
dissipation mode 


Note 1: When the CMO5 bit is set to “1” (main clock turned off) in low-speed mode, the mode goes to low power 
dissipation mode and CMO6 bit is set to “1” (divided by 8 mode) simultaneously. 
Note 2: The divide-by-n value can be selected the same way as in ring oscillator mode. 


(2) Wait Mode 
In wait mode, the CPU clock is turned off, so are the CPU (because operated by the CPU clock) and the 
watchdog timer. However, if the PM22 bit of PM2 register is “1” (ring oscillator clock for the watchdog 
timer count source), the watchdog timer remains active. Because the main clock, sub clock, ring oscillator 
clock and PLL clock all are on, the peripheral functions using these clocks keep operating. 
¢ Peripheral Function Clock Stop Function 
If the CMO2 bit is “1” (peripheral function clocks turned off during wait mode), the f1, f2, fs, f32, f1SI0, 
f8SiO, f32SI0 and fAD clocks are turned off when in wait mode, with the power consumption reduced 























that much. However, fc32 remains on. 

Entering Wait Mode 

The microcomputer is placed into wait mode by executing the WAIT instruction. 

When the CM11 bit = “1” (CPU clock source is the PLL clock), be sure to clear the CM11 bit to “0” 
(CPU clock source is the main clock) before going to wait mode. The power consumption of the chip 
can be reduced by clearing the PLCO7 bit to “0” (PLL stops). 

Pin Status During Wait Mode 

Table 1.9.4 lists pin status during wait mode 

Exiting Wait Mode 

The microcomputer is moved out of wait mode by a hardware reset, NMI interrupt or peripheral func- 
tion interrupt. 

If the microcomputer is to be moved out of exit wait mode by a hardware reset or NMI interrupt, set the 
peripheral function interrupt priority ILVL2 to ILVLO bits to “0002” (interrupts disabled) before execut- 
ing the WAIT instruction. 

The peripheral function interrupts are affected by the CM02 bit. If CM02 bit is “0” (peripheral function 
clocks not turned off during wait mode), all peripheral function interrupts can be used to exit wait 





2tENESAS 


64 Renesas Technology Corp. 


Renesas microcomputers 


M16C / 62P Group 


Clock Generation Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





mode. If CM02 bit is “1” (peripheral function clocks turned off during wait mode), the peripheral func- 
tions using the peripheral function clocks stop operating, so that only the peripheral functions clocked 
by external signals can be used to exit wait mode. 


Table 1.9.4. Pin Status During Wait Mode 


Pin Memory expansion mode Single-chip mode 
Microprocessor mode 























Ao to Ais, Do to Dis, CSO to CS3, Retains status before wait mode 
BHE 
RD, WR, WRL, WRH “H” 
HLDA,BCLK “H” 
ALE “H” 
I/O ports Retains status before wait mode | Retains status before wait mode 
CLKOUT When fc selected Does not stop 
When fs, f32 selected Does not stop when the CM02 


bit is “O”. 

When the CM02 bit is “1”, the 
status immediately prior to 
entering wait mode is main- 
tained. 











Table 1.9.5. Interrupts to Exit Wait Mode 


Interrupt CM02=0 CM02=1 


NMI interrupt Can be used Can be used 


Serial I/O interrupt Can be used when operating Can be used when operating 
with internal or external clock with external clock 








key input interrupt Can be used Can be used 


A-D conversion Can be used in one-shot mode | — (Do not use) 
interrupt or single sweep mode 


Timer A interrupt Can be used in all modes Can be used in event counter 


mode or when the count 
source is {C32 


Table 1.9.5 lists the interrupts to exit wait mode. 
If the microcomputer is to be moved out of wait mode by a peripheral function interrupt, set up the 
following before executing the WAIT instruction. 
1. In the ILVL2 to ILVLO bits of interrupt control register, set the interrupt priority level of the periph 
eral function interrupt to be used to exit wait mode. 
Also, for all of the peripheral function interrupts not used to exit wait mode, set the ILVL2 to ILVLO 
bits to “0002” (interrupt disable). 
2. Set the | flag to “1”. 
3. Enable the peripheral function whose interrupt is to be used to exit wait mode. 
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an 
interrupt routine is executed. 
The CPU clock turned on when exiting wait mode by a peripheral function interrupt is the same CPU 
clock that was on when the WAIT instruction was executed. 


Timer B interrupt 
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(3) Stop Mode 


In stop mode, all oscillator circuits are turned off, so are the CPU clock and the peripheral function clocks. 
Therefore, the CPU and the peripheral functions clocked by these clocks stop operating. The least 
amount of power is consumed in this mode. If the voltage applied to Vcc1 and Vcc2 pins is VRAM or more, 
the internal RAM is retained. When applying 2.7 or less voltage to Vcc1 and Vcc2 pins, make sure 
Vec1=Vcc2>VRAM. 
However, the peripheral functions clocked by external signals keep operating. The following interrupts 
can be used to exit stop mode. 
¢ NMI interrupt 
* Key interrupt 
¢ INT interrupt 
¢ Timer A, Timer B interrupt (when counting external pulses in event counter mode) 
* Serial I/O interrupt (when external clock is selected) 
¢ Voltage down detection interrupt (refer to “voltage down detection interrupt” for an operating condition) 
- Entering Stop Mode 
The microcomputer is placed into stop mode by setting the CM10 bit of CM1 register to “1” (all clocks 
turned off). At the same time, the CMO06 bit of CMO register is set to “1” (divide-by-8 mode) and the 
CM15 bit of CM1 register is set to “1” (main clock oscillator circuit drive capability high). 
Before entering stop mode, set the CM20 bit to “0” (oscillation stop, re-oscillation detection function 
disable). 
Also, if the CM11 bit is “1” (PLL clock for the CPU clock source), set the CM11 bit to “O” (main clock for 
the CPU clock source) and the PLC07 bit to “O” (PLL turned off) before entering stop mode. 
Pin Status in Stop Mode 
Table 1.9.6 lists pin status during stop mode 
Exiting Stop Mode 
The microcomputer is moved out of stop mode by a hardware reset, NMI interrupt or peripheral func- 
tion interrupt. 
If the microcomputer is to be moved out of stop mode by a hardware reset or NMI interrupt, set the 
peripheral function interrupt priority ILVL2 to ILVLO bits to “0002” (interrupts disable) before setting the 
CM10 bit to “1”. 
If the microcomputer is to be moved out of stop mode by a peripheral function interrupt, set up the 
following before setting the CM10 bit to “1”. 
1. In the ILVL2 to ILVLO bits of interrupt control register, set the interrupt priority level of the periph- 
eral function interrupt to be used to exit stop mode. 
Also, for all of the peripheral function interrupts not used to exit stop mode, set the ILVL2 to ILVLO 
bits to “0002”. 
2. Set the | flag to “1”. 
3. Enable the peripheral function whose interrupt is to be used to exit stop mode. 
In this case, when an interrupt request is generated and the CPU clock is thereby turned on, an 
interrupt service routine is executed. 


Which CPU clock will be used after exiting stop mode by a peripheral function or NMI interrupt is 
determined by the CPU clock that was on when the microcomputer was placed into stop mode as 
follows: 

If the CPU clock before entering stop mode was derived from the sub clock: sub clock 

If the CPU clock before entering stop mode was derived from the main clock: main clock divide-by-8 
If the CPU clock before entering stop mode was derived from the ring oscillator clock: ring oscillator 
clock divide-by-8 
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Table 1.9.6. Pin Status in Stop Mode 
Memory expansion mode Single-chip mode 
Microprocessor mode 
Ao to Ais, Do to Dis, CSO to CS3, Retains status before stop mode 
BHE 
RD, WR, WRL, WRH “H” 
HLDA, BCLK “H” 
ALE “H” 

















I/O ports Retains status before stop mode |Retains status before stop mode 
CLKOUT When fc selected “H” 


When fs, f32 selected Retains status before stop mode 
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Figure 1.9.10 shows the state transition from normal operation mode to stop mode and wait mode. Figure 
1.9.11 shows the state transition in normal operation mode. 


Table 1.9.7 shows a state transition matrix describing allowed transition and setting. The vertical line 
shows current state and horizontal line shows state after transition. 


: > 
C Reset ) 
WAIT 


| oscillators stopped CM10=1 instruction CPU operation stopped 


(— \_— Medium-speed mode +1 Mote?) C “ 
‘> Stop mode | ivided-by- lg, Wait mode 
- p z: (divided-by-8 mode) Je TT ) 


Interrupt 


Int t WAIT 
| | | instruction Va % 
a : . (Note 3) 
( Stop mode ( High-speed, medium- \G-—" Wait mode__ } 
Ne P TD > \_ speed mode 2 Interrupt ee 


CM10=1 
When Notes 1, 2 
low power | When 
dissipation | |ow- 


mode speed (PLL operation ») 
mode \mode ) WAIT 
instruction 
fe : (Note 3) 

{ Stop mode } Low-speed, low power NZ 


dissipation mode 
% Interrupt e 





























-< Wait mode ) 


Interrupt 
WAIT 
instruction 
CM10=1 


(— \« ~ Ring oscillator, Ring oscillator \€= (Note 3), ; > 
Stop mode ) dissipation mode D eae ae Wait mode yg 








Interrupt 
(Note 4) 








Note 1: Do not go directly from PLL operation mode to wait or stop mode. 

Note 2: PLL operation mode can be entered from high speed mode. Similarly, PLL operation mode can be changed back to high speed mode. 
Note 3: When the PM21 bit = 0 (system clock protective function unused). 

Note 4: The ring oscillator clock divided by 8 provides the CPU clock. 

Note 5: Write to the CMO register and CM1 register simultaneously by accessing in word units while CM21=0 (ring oscillator turned off). 


Note 6: Before entering stop mode, be sure to clear the CM20 bit in the CM2 register to “O” (oscillation stop and oscillation restart detection 
function disabled). 





Figure 1.9.10. State Transition to Stop Mode and Wait Mode 
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Main clock oscillation 





Ring oscillator clock 
oscillation 
Ring oscillator low power 
dissipation mode 


CPU clock: (PLL) (Note 6) CPU clock: OX) CPU clock ‘. CPU clock 
f(Ring) (Ring) 


{ 
| 

cMo7=0 ! 

- cmo7-0 || MO7=0 MO7=0 Mo7=0 

CMO06=0 | cMo7=0 {(Ring) (Ring, 
1 
1 
| 





Middle-speed mode Middle-speed mode —Miiddle-speed mode Middle-speed mode Ring oscillator mode 


PLL operation mode : 
PLCO7=1 (divide by 2) (divide by 4) (divide by 8) (divide by 16) 


eMtiek High-speed mode 





CPU clock: {(Xin)/2 CPU clock: f(Xin)/4 CPU clack: f(Xin)/8. CPU clock: f(Xin)/16 


ye 2 
M06=0 cMo06=0 cMo06=0 cMo6=0 {(Ring)/4 {(Ring)/4 
cM17=0 POOR cMt7<0 cMt7-0 M17=1 {(Ring)/8 {(Ring)/8 
M16-0 = cMo6=1 {(Ring)/16 {(Ring)/16 
cMi6=1 cMi6=1 





CM11=0 CM16=0 
(Note 7) 











cMo4=1 





Ring oscillator 
Ring oscillator low power 
mode dissipation mode 





PLL operation 
mode 








Middle-sbeed mode Middle-speed mode Middle-speed mode Middle-speed mode 
PLCO7=1 High-speed mode (divide by 2) (divide by 4) (divide by 8) (divide by 16) 
CPU clock: f(PLL) CM11=1 CPU clock CPU clock 
GMo7aii (Note 6) CPU clock: f(XIn)\ F (GPU clock: (xmy/2 CPU clock: f(Xin)i4 CPU clock: (Xin)’8 CPU clock: f(Xin)/16 {(Fiing) {(Ring) 
cMo7=0 Mo7=0 cMo7=0 cMmo7=0 f(Ring)/2 {(Ring) 


% > V2 

GMDE=) ‘cM06=0 Mo6=0 Mo6=0 oMGT = cMos=0 {(Ring)/4 f(Ringya 

CM17=0 PLCO7=0 V8 
) 











cM17=0 cM17=0 cM17=1 {(Ring)/8 {(Ring 


CM16=0 CM11=0 cMo6=1 f(Ring)/16 i(Ring)/16 
(Note 7) CM16=0 CM16=1 cM16=1 














cMo7=1 Mo07=0 
(Note 3) Note 2, Note 4) 








Low-speed mode Low-speed mode 





CPU clock: f(Xcin) 
Mo7=0 














CMo5=1 
(Note 1, Note 9) 








Low power dissipation mode 








CPU clock: f(XciN) 
Mo7=0 











Sub clock oscillation 





Notes: 
1: Avoid making a transition when the CM20 bit is set to “1” (oscillation stop, re-oscillation detection function enabled). 
Set the CM20 bit to “O” (oscillation stop, re-oscillation detection function disabled) before transiting. 
: Wait for td(M-L) or the main clock oscillation stabilization time whichever is longer before switching over. 
: Switch clock after oscillation of sub-clock is sufficiently stable. 
: Change CM17 and CM16 before changing CMO6. 
: Transit in accordance with arrow. 
: PLL operation mode can only be entered from high speed mode. Also, wait until the PLL clock is sufficiently stable before changing operation modes. 
To select a 16 MHz or higher PLL clock, set the PM20 bit to “O" (SFR accessed with two wait states) before setting PLC07 to “1” (PLL operation). 
: PLL operation mode can only be changed to high speed mode. If the PM20 bit = 0 (SFR accessed with two wait states), set PLCO7 to “O” (PLL turned off) 
before setting the PM20 bit to “1” (SFR accessed with one wait state). 
: Set the CMO6 bit to “1” (division by 8 mode) before changing back the operation mode from ring oscillator mode to high- or middle-speed mode. 
: When the CM21 bit = 0 (ring oscillator turned off) and the CMO05 bit = 1 (main clock turned off), the CMO6 bit is fixed to “1” (divide-by-8 mode) and the CM15 bit is fixed to “1" (drive capability High). 





Figure 1.9.11. State Transition in Normal Mode 
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Table 1.9.7. Allowed Transition and Setting 













































































State after transition 
A é F ; Ring oscillator 
High- d mode, = 2] Li PLL ti Ri llat 
He nrmee Low-speed mode’ dieeaen ae are eration Fig eee ator low power - poeaese revere 
High-speed mode, 7 3 1 
mnilate-speed mode See Table ad (9) ae (13) (15) = (16) (17) 
Low-speed mode (8) (1 1 yl ,8 <5 a os (1 6)! (1 7) 
L aissioat 
A ma da issipation a (1 0) e 7 _ (1 6)! (1 7) 
3 PLL operation mode* (1 2)8 
# os = es =e Se Ss 
2 Ring oscillator mode (1 4)4 _ _ _ See Table As (11 yl (1 6)! (1 7) 
Ri illat 
(ow power assibation -- ial tas =3 (1 0) See Table As qj 6)! (1 7) 
mode 
Stop mode (18)5 (18) (18) = (18)° (18)5 -- 
ar (18) (18) (18) a (18) (18) “ 
Notes: 


--: Cannot transit 
1. Avoid making a transition when the CM21 bit is set to “1” (oscillation stop, re-oscillation detection function enabled). 


Set the CM21 bit to “O” (oscillation stop, re-oscillation detection function disabled) before transiting. 
























































































































































2. Ring oscillator clock oscillates and stops in low-speed mode. In this mode, the ring oscillator can be used as peripheral function clock. 
Sub clock oscillates and stops in PLL operation mode. In this mode, sub clock can be used as peripheral function clock. 
3. PLL operation mode can only be entered from and changed to high-speed mode. 
4. Set the CMO6 bit to “1” (division by 8 mode) before transiting from ring oscillator mode to high- or middle-speed mode. 
5. When exiting stop mode, the CMO06 bit is set to “1” (division by 8 mode). 
6. If the CMO5 bit is set to “1” (main clock stop), then the CMO6 bit is set to “1” (division by 8 mode). 
7. A transition can be made only when sub clock is oscillating. 
8. State transitions within the same mode (divide-by-n values changed or subclock oscillation turned on or off) are shown in the table below. 
Sub clock oscillating Sub clock turned off 
No Divided | Divided | Divided | Divided | No Divided | Divided | Divided | Divided 
division |_by 2 by 4 by 8 by 16__| division |_by 2 by 4 by 8 by 16 
No division (4) (5) (7) (6) (1) ~ - = 
jg Divided by 2 | (3) © |_| @ [= | @ |= ~ 
L3 [Divided by4 | (3) (4) (7) (6) - - (1) - 
3 B|Divided bys | (3) (4) (5) (6) iS - 7 (1) 
Divided by 16} (3) (4) (5) (7) - - -- - 
No division | (2) - - - - (4) (5) (7) 
S [Divided by 2 -- (2) -- -- = (3) (5) (7) 
ie} 
ie 3 Divided by 4 - -- (2) -- - (3) (4) (7) 
B 3|Divided by 8 = = a (2) x (3) (4) (5) 
Divided by 16] -- - - - (2) (3) (4) (5) (7) 
9. () : setting method. Refer to following table. --: Cannot transit 
Setting Operation 
a CM04='0 Sup cockaumediot CMo04, CMOS, CM06, CMO7 : bit of CMO register 
siissat CM10, CM11, CM16, CM17 : bit of CM1 register 
(2 CM04 = 1 Sub clock oscillating CM20, CM21 : bit of CM2 ia 
= PLCO7 : bit of PLCO register 
(3 Nien. eile = | CPU clock no division mode 9 
(4 Peres Chie _ 4 | CPU clock division by 2 mode 
(5 aaoee ate = 9 | CPU clock division by 4 mode 
(6 eed ae 1 | CPU clock division by 16 mode 
(7 CMO06 = 1 CPU clock division by 8 mode 
_ Main clock, PLL clock, 
(8 padi or ring oscillator clock selected 
(9 CMO7 = 1 Sub clock selected 
(10) CM05 = 0 Main clock oscillating 
(11) CMO5 = 1 Main clock turned off 
PLCO7 = 0, r 
(12) CMt1 =0 Main clock selected 
PLCO7 = 1, 
(13) CMt1 =1 PLL clock selected 
(14) CM21 =0 Main clock or PLL clock selected 
(15) CM21 = 1 Ring oscillator clock selected 
(16) CM10 = 1 Transition to stop mode 
(17) wait instruction Transition to wait mode 
(18) Hardware interrupt | Exit stop mode or wait mode 
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System Clock Protective Function 
When the main clock is selected for the CPU clock source, this function disables the clock against modifica- 
tions in order to prevent the CPU clock from becoming halted by run-away. 
If the PM21 bit of PM2 register is set to “1” (clock modification disabled), the following bits are protected 
against writes: 
* CMO02, CMO05, and CM07 bits in CMO register 
*CM10, CM11 bits in CM1 register 
* CM20 bit in CM2 register 
* All bits in PLCO register 


Before the system clock protective function can be used, the following register settings must be made while 
the CMO5 bit of CMO register is “O” (main clock oscillating) and CMO07 bit is “O” (main clock selected for the 
CPU clock source): 

(1) Set the PRC1 bit of PRCR register to “1” (enable writes to PM2 register). 

(2) Set the PM21 bit of PM2 register to “1” (disable clock modification). 

(3) Set the PRC1 bit of PRCR register to “O” (disable writes to PM2 register). 

Do not execute the WAIT instruction when the PM21 bit is “1”. 


Oscillation Stop and Re-oscillation Detect Function 
The oscillation stop and re-oscillation detect function is such that main clock oscillation circuit stop and re- 
oscillation are detected. At oscillation stop, re-oscillation detection, reset or oscillation stop, re-oscillation 
detection interrupt are generated. Which is to be generated can be selected using the CM27 bit of CM2 
register. The oscillation stop detection function can be enabled and disabled by the CM20 bit in the CM2 
register. Table 1.9.8 lists an specification overview of the oscillation stop and re-oscillation detect function. 


Table 1.9.8. Specification Overview of Oscillation Stop and Re-oscillation Detect Function 
Specification 





Oscillation stop detectable clock and | f(Xin) > 2 MHz 
frequency bandwidth 
Enabling condition for oscillation stop, | Set CM20 bit to “1”(enable) 
re-oscillation detection function 

















Operation at oscillation stop, «Reset occurs (when CM27 bit =0) 
re-oscillation detection *Oscillation stop, re-oscillation detection interrupt occurs(when CM27 bit =1) 
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(1) Operation When CM27 bit = 0 (Oscillation Stop Detection Reset) 

Where main clock stop is detected when the CM20 bit is “1” (oscillation stop, re-oscillation detection 
function enabled), the microcomputer is initialized, coming to a halt (oscillation stop reset; refer to “SFR”, 
“Reset’). 

This status is reset with hardware reset 1 or hardware reset 2. Also, even when re-oscillation is detected, 
the microcomputer can be initialized and stopped; it is, however, necessary to avoid such usage. (During 
main clock stop, do not set the CM20 bit to “1” and the CM27 bit to “O”.) 

(2) Operation When CM27 bit = 0 (Oscillation Stop and Re-oscillation Detect Interrupt) 
Where the main clock corresponds to the CPU clock source and the CM20 bit is “1” (oscillation stop and 
re-oscillation detect function enabled), the system is placed in the following state if the main clock comes 
to a halt: 

* Oscillation stop and re-oscillation detect interrupt request occurs. 

¢ The ring oscillator starts oscillation, and the ring oscillator clock becomes the clock source for CPU clock 
and peripheral functions in place of the main clock. 

* CM21 bit = 1 (ring oscillator clock for CPU clock source) 

* CM22 bit = 1 (main clock stop detected) 

* CM23 bit = 1 (main clock stopped) 


Where the PLL clock corresponds to the CPU clock source and the CM20 bit is “1”, the system is placed 
in the following state if the main clock comes to a halt: Since the CM21 bit remains unchanged, set it to “1” 
(ring oscillator clock) inside the interrupt routine. 

* Oscillation stop and re-oscillation detect interrupt request occurs. 

* CM22 bit = 1 (main clock stop detected) 

* CM23 bit = 1 (main clock stopped) 

* CM21 bit remains unchanged 


Where the CM20 bit is “1”, the system is placed in the following state if the main clock re-oscillates from 
the stop condition: 

* Oscillation stop and re-oscillation detect interrupt request occurs. 

* CM22 bit = 1 (main clock re-oscillation detected) 

* CM23 bit = 0 (main clock oscillation) 

* CM21 bit remains unchanged 





2tENESAS 


72 Renesas Technology Corp. 


Renesas microcomputers 


M16C / 62P Group 
Clock Generation Circuit SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





How to Use Oscillation Stop and Re-oscillation Detect Function 

* The oscillation stop and re-oscillation detect interrupt shares the vector with the watchdog timer inter- 
rupt. If the oscillation stop, re-oscillation detection and watchdog timer interrupts both are used, read 
the CM22 bit in an interrupt routine to determine which interrupt source is requesting the interrupt. 

¢ Where the main clock re-oscillated after oscillation stop, the clock source for the CPU clock and periph- 
eral functions must be switched to the main clock in the program. Figure 1.9.12 shows the procedure for 
switching the clock source from the ring oscillator to the main clock. 

¢ Simultaneously with oscillation stop, re-oscillation detection interrupt occurrence, the CM22 bit be- 
comes “1”. When the CM22 bit is set at “1”, oscillation stop, re-oscillation detection interrupt are dis- 
abled. By setting the CM22 bit to “O” in the program, oscillation stop, re-oscillation detection interrupt 
are enabled. 

* If the main clock stops during low speed mode where the CM20 bit is “1”, an oscillation stop, re-oscilla- 
tion detection interrupt request is generated. At the same time, the ring oscillator starts oscillating. In 
this case, although the CPU clock is derived from the sub clock as it was before the interrupt occurred, 
the peripheral function clocks now are derived from the ring oscillator clock. 

* To enter wait mode while using the oscillation stop, re-oscillation detection function, set the CMO02 bit to 
“0” (peripheral function clocks not turned off during wait mode). 

* Since the oscillation stop, re-oscillation detection function is provided in preparation for main clock stop 
due to external factors, set the CM20 bit to “O” (Oscillation stop, re-oscillation detection function dis- 
abled) where the main clock is stopped or oscillated in the program, that is where the stop mode is 
selected or the CMO5 bit is altered. 

¢ This function cannot be used if the main clock frequency is 2 MHz or less. In that case, set the CM20 bit 
to “O”. 


Main clock switch 


Inspect the CM23 bit ; 
1(Main clock stop) 


0(Main clock oscillation) 
Do this check a number of time 


The main clock is confirmed to be active a number of times. 
Set the CM22 bit to 0 (main clock stop, 


re-oscillation not detected). 


Set the CM21 bit to 0 
(main clock for the CPU clock source)(Note) 


All of CM21-23 are the CM2 register bits 


Note: If the clock source for CPU clock is to be changed to PLL clock, set to PLL operation 
mode after set to high-speed mode. 





Figure 1.9.12. Procedure to Switch Clock Source From Ring Oscillator to Main Clock 
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Protection 


In the event that a program runs out of control, this function protects the important registers so that they will 
not be rewritten easily. Figure 1.10.1 shows the PRCR register. The following lists the registers protected 
by the PRCR register. 

« Registers protected by PRCO bit: CMO, CM1, CM2, PLCO and PCLKR registers 

* Registers protected by PRC1 bit: PMO, PM1, PM2, TB2SC, INVCO and INVC1 registers 

* Registers protected by PRC2 bit: PD9, S3C and S4C registers 

« Registers protected by PRC3 bit: VCR2 and D4INT registers 


Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be cleared to “0” 
(write protected). The registers protected by the PRC2 bit should be changed in the next instruction after 
setting the PRC2 bit to “1”. Make sure no interrupts or DMA transfers will occur between the instruction in 
which the PRC2 bit is set to “1” and the next instruction. The PRCO, PRC1 and PRC3 bits are not automati- 
cally cleared to “O” by writing to any address. They can only be cleared in a program. 


Protect register 


b7 b6 b5 b4 b3 b2 b1 b0 
Symbol Address After reset 
Xxteolol LEE | PRCR OO0A16 Xx0000002 
re OT) Bit name 


PRCO Protect bit 0 Enable write to CMO, CM1, CM2, 
PLCO and PCLKR registers 


0 : Write protected 
1: Write enabled 


Enable write to PMO, PM1, PM2, 
Protect bit 1 TB2SC, INVCO and INVC1 
registers 


0 : Write protected 

1: Write enabled (Note) 

Enable write to PD9, S3C and 
Protect bit 2 S4C registers 


0: Write protected 
1: Write enabled 


Enable write to VCR2 and D4INT 


Protect bit 3 registers 


0 : Write protected 
1: Write enabled 


(b5-b4) Reserved bit Must set to “O” 
Nothing is assigned. When write, set to “O”. When read, its 
(b7-b6) content is indeterminate. 


Note: The PRC2 bit is set to “0” by writing to any address after setting it to “1”. Other bits are not set to “0” 
by writing to any address, and must therefore be set in a program. 





Figure 1.10.1. PRCR Register 
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Interrupts 


Type of Interrupts 
Figure 1.11.1 shows types of interrupts. 


Undefined instruction (UND instruction) 
Overflow (INTO instruction) 

BRK instruction 

INT instruction 


Software 
(Non-maskable interrupt) 


NMI 
Interrupt DBC (Note 2) 
Watchdog timer 
Special ————— Oscillation stop and re-oscillation 
(Non-maskable interrupt) | qetection 
Single step (Note 2) 
Address match 


Hardware 


Peripheral function (Note 1) 
(Maskable interrupt) 


Note 1: Peripheral function interrupts are generated by the microcomputer's internal functions. 
Note 2: Do not normally use this interrupt because it is provided exclusively for use by development 
support tools. 





Figure 1.11.1. Interrupts 
¢ Maskable Interrupt: An interrupt which can be enabled (disabled) by the interrupt enable flag (I flag) or 


whose interrupt priority can be changed by priority level. 
« Non-maskable Interrupt: An interrupt which cannot be enabled (disabled) by the interrupt enable flag 
(I flag) or whose interrupt priority cannot be changed by priority level. 
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Software Interrupts 
A software interrupt occurs when executing certain instructions. Software interrupts are non-maskable 
interrupts. 


¢ Undefined Instruction Interrupt 

An undefined instruction interrupt occurs when executing the UND instruction. 

Overflow Interrupt 

An overflow interrupt occurs when executing the INTO instruction with the O flag set to “1” (the opera- 
tion resulted in an overflow). The following are instructions whose O flag changes by arithmetic: 
ABS, ADC, ADCF, ADD, CMP, DIV, DIVU, DIVX, NEG, RMPA, SBB, SHA, SUB 

BRK Interrupt 

A BRK interrupt occurs when executing the BRK instruction. 

INT Instruction Interrupt 

An INT instruction interrupt occurs when executing the INT instruction. Software interrupt Nos. 0 to 63 
can be specified for the INT instruction. Because software interrupt Nos. 4 to 31 are assigned to 
peripheral function interrupts, the same interrupt routine as for peripheral function interrupts can be 
executed by executing the INT instruction. 

In software interrupt Nos. 0 to 31, the U flag is saved to the stack during instruction execution and is 
cleared to “0” (ISP selected) before executing an interrupt sequence. The U flag is restored from the 
stack when returning from the interrupt routine. In software interrupt Nos. 32 to 63, the U flag does not 
change state during instruction execution, and the SP then selected is used. 
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Hardware Interrupts 
Hardware interrupts are classified into two types — special interrupts and peripheral function interrupts. 
(1) Special Interrupts 

Special interrupts are non-maskable interrupts. 

¢ NMI Interrupt 
An NMI interrupt is generated when input on the NMI pin changes state from high to low. For details 
about the NMI interrupt, refer to the section "NMI interrupt". 

« DBC Interrupt 
Do not normally use this interrupt because it is provided exclusively for use by development support 
tools. 

¢ Watchdog Timer Interrupt 
Generated by the watchdog timer. Once a watchdog timer interrupt is generated, be sure to initialize 
the watchdog timer. For details about the watchdog timer, refer to the section "watchdog timer”. 

¢ Oscillation Stop and Re-oscillation Detection Interrupt 
Generated by the oscillation stop and re-oscillation detection function. For details about the oscilla- 
tion stop and re-oscillation detection function, refer to the section "clock generating circuit”. 

¢ Voltage Down Detection Interrupt 
Generated by the voltage detection circuit. For details about the voltage detection circuit, refer to the 
section "voltage detection circuit". 

* Single-step Interrupt 
Do not normally use this interrupt because it is provided exclusively for use by development support 
tools. 

- Address Match Interrupt 
An address match interrupt is generated immediately before executing the instruction at the address 
indicated by the RMADO to RMADS register that corresponds to one of the AIER registers AIERO or 
AIER1 bit or the AIER2 register’s AIER20 or AIER21 bit which is "1" (address match interrupt en- 
abled). For details about the address match interrupt, refer to the section "address match interrupt". 


(2) Peripheral Function Interrupts 
Peripheral function interrupts are maskable interrupts and generated by the microcomputer's internal 
functions. The interrupt sources for peripheral function interrupts are listed in “Table 1.11.2. 
Relocatable Vector Tables”. For details about the peripheral functions, refer to the description of each 
peripheral function in this manual. 
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Interrupts and Interrupt Vector 
One interrupt vector consists of 4 bytes. Set the start address of each interrupt routine in the respective 
interrupt vectors. When an interrupt request is accepted, the CPU branches to the address set in the 
corresponding interrupt vector. Figure 1.11.2 shows the interrupt vector. 


Vector address (L) 


Vector address (H) 


0000 High address 
0000 0000 


MSB LSB 
Mid address 





Figure 1.11.2. Interrupt Vector 


¢ Fixed Vector Tables 
The fixed vector tables are allocated to the addresses from FFFDC16 to FFFFF16. Table 1.11.1 lists 
the fixed vector tables. In the flash memory version of microcomputer, the vector addresses (H) of 
fixed vectors are used by the ID code check function. For details, refer to the section "flash memory 
rewrite disabling function”. 


Table 1.11.1. Fixed Vector Tables 


Interrupt source 


Undefined instruction 


Vector table addresses 
Address (L) to address (H) 
FFFDC16 to FFFDF 16 


Remarks 


Interrupt on UND instruction 





Overflow 


FFFE016 to FFFE316 


Interrupt on INTO instruction 





BRK instruction 


FFFE416 to FFFE716 


If the contents of address 
FFFE716 is FFi6, program ex- 
ecution starts from the address 
shown by the vector in the 
relocatable vector table. 


Reference 


M16C/60, M16C/20 
serise software 
maual 





Address match 


FFFE81i6 to FFFEBi6 


Address match interrupt 





Single step (Note) 


FFFEC16 to FFFEF16 





Watchdog timer 
Oscillation stop and 
re-oscillation detection 
Voltage down 
detection 


FFFFO16 to FFFF316 


Watchdog timer 
Clock generating circuit 


Voltage detection circuit 





DBC (Note) 


FFFF416 to FFFF716 





NMI 


FFFF816 to FFFFB16 


NMI interrupt 





Reset 





FFFFC16 to FFFFF16 











Reset 


Note: Do not normally use this interrupt because it is provided exclusively for use by development sup- 


port tools. 
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¢ Relocatable Vector Tables 
The 256 bytes beginning with the start address set in the INTB register comprise a reloacatable vector 
table area. Table 1.11.2 lists the relocatable vector tables. Setting an even address in the INTB regis- 
ter results in the interrupt sequence being executed faster than in the case of odd addresses. 


Table 1.11.2. Relocatable Vector Tables 




























































































Note 1: Address relative to address in INTB. 





Note 2: Use the IFSR register's IFSR6 and IFSR7 bits to select. 

Note 3: During I2C mode, NACK and ACK interrupts comprise the interrupt source. 

Note 4: Use the IFSR2A register’s IFSR26 and IFSR27 bits to select. 

Note 5: These interrupts cannot be disabled using the | flag. 

Note 6: Bus collision detection : During IE mode, this bus collision detection constitutes the cause of an interrupt. 
During I2C mode, however, a start condition or a stop condition detection constitutes 
the cause of an interrupt. 
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Interrupt source Vector address (Note 1) Software interrupt Reference 
Address (L) to address (H) number 
BRK instruction (Note 5) +0 to +3 (000016 to 000316) 0 M16C/60, M16C/20 
——— _ (Reserved) 1to3 SS (alae 
INT3 +16 to +19 (001016 to 001316) 4 INT interrupt 
Timer B5 +20 to +23 (001416 to 001716) 5 Timer 
Timer B4, UART1 bus collision detect”) | +24 to +27 (001816 to 001816) 6 Timer 
Timer B3, UARTO bus collision deer *8)) 428 to +31 (001Ci6 to 001F 16) 7 Serial? 
S1/04, INT5 (Note 2) +32 to +35 (002016 to 002316) 8 INT interrupt 
$I/O03, INT4 (Note 2) +36 to +39 (002416 to 002716) 9 Serial /O 
UART 2 bus collision detection (Note 6) +40 to +43 (002816 to 002B16) 10 Serial I/O 
DMAO +44 to +47 (002C16 to 002F 16) 11 
DMA1 +48 to +51 (003016 to 003316) 12 pitied 
Key input interrupt +52 to +55 (003416 to 003716) 13 Key input interrupt 
A-D +56 to +59 (003816 to 003B16) 14 A-D convertor 
UART2 transmit, NACK2 (Note 3) +60 to +63 (003C16 to 003F 16) 15 
UART2 receive, ACK2 (Note 3) +64 to +67 (004016 to 004316) 16 
UARTO transmit, NACKO(Note 3) +68 to +71 (004416 to 004716) 17 
UARTO receive, ACKO (Note 3) +72 to +75 (004816 to 004B16) 18 oe 
UART1 transmit, NACK1(Note 3) +76 to +79 (004C16 to 004F 16) 19 
UART1 receive, ACK1 (Note 3) +80 to +83 (005016 to 005316) 20 
Timer AO +84 to +87 (005416 to 005716) 21 
Timer A1 +88 to +91 (005816 to 005B16) 22 
Timer A2 +92 to +95 (005C16 to 005F 16) 23 
Timer A3 +96 to +99 (006016 to 006316) 24 
Timer A4 +100 to +103 (006416 to 006716) 25 mer 
Timer BO +104 to +107 (006816 to 006B16) 26 
Timer B1 +108 to +111 (006C16 to 006F 16) 27 
Timer B2 +112 to +115 (007016 to 007316) 28 
INTO +116 to +119 (007416 to 007716) 29 
INT1 +120 to +123 (007816 to 007B16) 30 INT interrupt 
INT2 +124 to +127 (007C16 to 007F 16) 31 
+128 to +131 (008016 to 008316) 32 M16C/60, M16C/20 
Software interrupt (Note 5) to to series software 
+252 to +255 (0O0FC16 to OOFF16) 63 manual 
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Interrupt Control 
The following describes how to enable/disable the maskable interrupts, and how to set the priority in which 
order they are accepted. What is explained here does not apply to nonmaskable interrupts. 
Use the FLG register’s | flag, IPL, and each interrupt control register’s ILVL2 to ILVLO bits to enable/disable 
the maskable interrupts. Whether an interrupt is requested is indicated by the IR bit in each interrupt control 
register. 
Figure 1.11.3 shows the interrupt control registers. 
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Interrupt control register (Note 2) 


Symbol Address After reset 
TB5IC 004516 XXXXX0002 
TB4IC/U1BCNIC (Note 3) 004616 XXXXX0002 
TB3IC/UOBCNIC (Note 3) 004716 XXXXX0002 
BCNIC 004A16 XXXXX0002 
DMOIC, DM1IC 004B16, 004C16 XXXXX0002 
KUPIC 004D16 XXXXX0002 
ADIC 004E16 XXXXX0002 
SOTIC to S2TIC 005116, 005316, 004F 16 XXXXX0002 
b7_b6_ b5 b4 b3 b2 bt b0 SORIC to S2RIC 005216, 005416, 005016 XXXXX0002 
TAOIC to TA4IC 005516 to 005916 XXXXX0002 
TBOIC to TB2IC 005Ai6 to 005C16 XXXXX0002 


Bit symbol Function 


Interrupt priority level 
select bit 


[om 
i) 


==3=4=40000 
4-4200-=00¢c 


Oy SO = Oe. 


: Level 0 (interrupt disabled) 
: Level 1 
: Level 2 
: Level 3 
: Level 4 
: Level 5 
: Level 6 
: Level 7 


Interrupt request bit 0: Interrupt not requested 
1: Interrupt requested 


No functions are assigned. 
When writing to these bits, write “O”. The values in these bits 
when read are indeterminate. 








: This bit can only be reset by writing “O” (Do not write “1”). 

: To rewrite the interrupt control registers, do so at a point that does not generate the interrupt request for that 
register. For details, see the “precautions for interrupts” of the Usage Notes Reference Book. 

: Use the IFSR2A register to select. 


Symbol Address After reset 
INT3IC (Note 4) 004416 XX00X0002 
b5_b4 b3_b2 bt _b0 S4IC/INT5IC 004816 XX00X0002 


4 S3IC/INT4IC 004916 XX00X0002 
Xxto] | | INTOIC to INT2IC 005D16to OO5Fis XX00X0002 
Bit symbol Funetion 


Interrupt priority level 
cel Level 0 (interrupt disabled) 
: Level 1 
: Level 2 
: Level 3 
: Level 4 
: Level 5 
: Level 6 
: Level 7 


Interrupt request bit 0: Interrupt not requested 
1: Interrupt requested 


Polarity select bit 0 : Selects falling edge (Notes 3, 5) 
1: Selects rising edge 


Reserved bit Must always be set to “O” 


No functions are assigned. 
When writing to these bits, write “O”. The values in these bits 
when read are indeterminate. 











This bit can only be reset by writing “O” (Do not write “1”). 

To rewrite the interrupt control register, do so at a point that does not generate the interrupt request for that 
register. For details, see the “precautions for interrupts” of the Usage Notes Reference Book. 

If the IFSR register’s IFSRi bit (i = 0 to 5) is “1” (both edges), set the INTiIC register’s POL bit to “O” (falling edge). 
When the BYTE pin is low and the processor mode is memory expansion or microprocessor mode, set the 

LVL2 to ILVLO bits in the INT5IC to INT3IC registers to “0002” (interrupts disabled). 

Set the S3IC or S4IC register’s POL bit to “O” (falling edge) when the IFSR register’s IFSR6 bit = 0 (SI/O3 
selected) or IFSR7 bit = 0 (SI/O4 selected), respectively. 





Figure 1.11.3. Interrupt Control Registers 
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| Flag 
The | flag enables or disables the maskable interrupt. Setting the | flag to “1” (= enabled) enables the 
maskable interrupt. Setting the | flag to “O” (= disabled) disables all maskable interrupts. 


IR Bit 


The IR bit is set to “1” (= interrupt requested) when an interrupt request is generated. Then, when the 
interrupt request is accepted and the CPU branches to the corresponding interrupt vector, the IR bit is 
cleared to “O” (= interrupt not requested). 

The IR bit can be cleared to “O” in a program. Note that do not write “1” to this bit. 


ILVL2 to ILVLO Bits and IPL 
Interrupt priority levels can be set using the ILVL2 to ILVLO bits. 


Table 1.11.3 shows the settings of interrupt priority levels and Table 1.11.4 shows the interrupt priority 
levels enabled by the IPL. 


The following are conditions under which an interrupt is accepted: 
- | flag = “1” 
- IR bit = “1” 
- interrupt priority level > IPL 


The | flag, IR bit, ILVL2 to ILVLO bits and IPL are independent of each other. In no case do they affect one 




































































another. 
Table 1.11.3. Settings of Interrupt Priority Table 1.11.4. Interrupt Priority Levels 
Levels Enabled by IPL 
P Interrupt priority Priority 

ILVL2 to ILVLO bits level order IPL Enabled interrupt priority levels 
0002 Level 0 (interrupt disabled) Interrupt levels 1 and above are enabled 
0012 Level 1 Low Interrupt levels 2 and above are enabled 
0102 Level 2 Interrupt levels 3 and above are enabled 
0112 Level 3 Interrupt levels 4 and above are enabled 
1002 Level 4 Interrupt levels 5 and above are enabled 
1012 Level 5 Interrupt levels 6 and above are enabled 
1102 Level 6 Interrupt levels 7 and above are enabled 
1112 Level 7 High All maskable interrupts are disabled 
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Interrupt Sequence 
An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the 
instant the interrupt routine is executed — is described here. 
If an interrupt occurs during execution of an instruction, the processor determines its priority when the 
execution of the instruction is completed, and transfers control to the interrupt sequence from the next 
cycle. If an interrupt occurs during execution of either the SMOVB, SMOVF, SSTR or RMPA instruction, 
the processor temporarily suspends the instruction being executed, and transfers control to the interrupt 
sequence. 
The CPU behavior during the interrupt sequence is described below. Figure 1.11.4 shows time required for 
executing the interrupt sequence. 


(1) The CPU gets interrupt information (interrupt number and interrupt request priority level) by reading the 
address 0000016. Then it clears the IR bit for the corresponding interrupt to “O” (interrupt not re- 
quested). 

(2) The FLG register immediately before entering the interrupt sequence is saved to the CPU’s internal 
temporary register(Note 1). 

(3) The I, D and U flags in the FLG register become as follows: 

The | flag is cleared to “O” (interrupts disabled). 

The D flag is cleared to “0” (single-step interrupt disabled). 

The U flag is cleared to “O” (ISP selected). 

However, the U flag does not change state if an INT instruction for software interrupt Nos. 32 to 63 is 
executed. 

(4) The CPU’s internal temporary register ‘Note ') is saved to the stack. 

(5) The PC is saved to the stack. 

(6) The interrupt priority level of the accepted interrupt is set in the IPL. 

(7) The start address of the relevant interrupt routine set in the interrupt vector is stored in the PC. 

After the interrupt sequence is completed, the processor resumes executing instructions from the start 

address of the interrupt routine. 


Note: This register cannot be used by user. 














































































































CPU clock 








Address bus ae Indeterminate (Note 1) \ SP-2 \ SP-4 \ vec \ vect2 \ PC 








Data bus ea \ SP-2 \ SP-4 \ vec \ vec+2 / 
ae Indeterminate (Note 1) } contents \\contents |\contents | contents 








RD \ Indeterminate (Note 1) 





























WR 
(Note 2) 























Note 1 : The indeterminate state depends on the instruction queue buffer. A read cycle occurs when 
the instruction queue buffer is ready to accept instructions. 
Note 2 : The WR signal timing shown here is for the case where the stack is located in the internal RAM. 





Figure 1.11.4. Time Required for Executing Interrupt Sequence 





ztENESAS 


Renesas Technology Corp. 83 


Renesas microcomputers 


M16C / 62P Group 
Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Interrupt Response Time 
Figure 1.11.5 shows the interrupt response time. The interrupt response or interrupt acknowledge time 
denotes a time from when an interrupt request is generated till when the first instruction in the interrupt 
routine is executed. Specifically, it consists of a time from when an interrupt request is generated till when 
the instruction then executing is completed ((a) in Figure 1.11.5) and a time during which the interrupt 
sequence is executed ((b) in Figure 1.11.5). 


Interrupt request generated _ Interrupt request acknowledged 


Instruction in 
interrupt routine 


Interrupt response time 








(a) A time from when an interrupt request is generated till when the instruction then 
executing is completed. The length of this time varies with the instruction being 
executed. The DIVX instruction requires the longest time, which is equal to 30 cycles 
(without wait state, the divisor being a register). 


(b) A time during which the interrupt sequence is executed. For details, see the table 


below. Note, however, that the values in this table must be increased 2 cycles for the 
DBC interrupt and 1 cycle for the address match and single-step interrupts. 


Interrupt vector address | SP value | 16-Bit bus, without wait | 8-Bit bus, without wait 


Even Even 18 cycles 20 cycles 





Even Odd 19 cycles 20 cycles 
Odd Even 19 cycles 20 cycles 
Odd Odd 20 cycles 20 cycles 














Figure 1.11.5. Interrupt response time 


Variation of IPL when Interrupt Request is Accepted 
When a maskable interrupt request is accepted, the interrupt priority level of the accepted interrupt is set 
in the IPL. 
When a software interrupt or special interrupt request is accepted, one of the interrupt priority levels listed 
in Table 1.11.5 is set in the IPL. Shown in Table 1.11.5 are the IPL values of software and special 
interrupts when they are accepted. 


Table 1.11.5. IPL Level That is Set to IPL When A Software or Special Interrupt Is Accepted 


Interrupt sources Level that is set to IPL 


Watchdog timer, NMI, Oscillation stop and re-oscillation detection, 


voltage down detection 





Software, address match, DBC, single-step Not changed 
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Saving Registers 
In the interrupt sequence, the FLG register and PC are saved to the stack. 
At this time, the 4 high-order bits of the PC and the 4 high-order (IPL) and 8 low-order bits of the FLG 
register, 16 bits in total, are saved to the stack first. Next, the 16 low-order bits of the PC are saved. Figure 
1.11.6 shows the stack status before and after an interrupt request is accepted. 
The other necessary registers must be saved in a program at the beginning of the interrupt routine. Use 
the PUSHM instruction, and all registers except SP can be saved with a single instruction. 


Address Address 
MSB MSB 


> 


[SP] 

Content of previous stack | —— rea pearl is Content of previous stack 
accepted. 

Content of previous stack Content of previous stack 








[SP] 
<4 New SP value 








FLGu PCu 














Stack status before interrupt request Stack status after interrupt request 
is acknowledged is acknowledged 





Figure 1.11.6. Stack Status Before and After Acceptance of Interrupt Request 
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The operation of saving registers carried out in the interrupt sequence is dependent on whether the 
SP(Note) at the time of acceptance of an interrupt request, is even or odd. If the stack pointer (Note) is 
even, the FLG register and the PC are saved, 16 bits at a time. If odd, they are saved in two steps, 8 bits 
at atime. Figure 1.11.7 shows the operation of the saving registers. 


Note: When any INT instruction in software numbers 32 to 63 has been executed, this is the SP indicated 


Figure 1.11.7. Operation of Saving Register 


by the U flag. Otherwise, it is the ISP. 


(1) SP contains even number 


Address 


[SP] — 5 (Odd) 
[SP] - 4 (Even) 
[SP] - 3(Odd) 
[SP] - 2 (Even) 
[SP] — 1 (Odd) 


[SP] (Even) 


(2) SP contains odd number 


Address 


[SP] — 5 (Even) 
[SP] - 4(Odd) 
[SP] - 3 (Even) 
[SP] - 2(Odd) 
[SP] - 1 (Even) 


[SP] (Odd) 


Note: [SP] denotes the initial value of the SP when interrupt request is acknowledged. 











Sequence in which order 
registers are saved 


(2) Saved simultaneously, 
all 16 bits 


(1) Saved simultaneously, 
all 16 bits 


Finished saving registers 
in two operations. 


Sequence in which order 
registers are saved 


Saved, 8 bits at a time 


Finished saving registers 
in four operations. 


After registers are saved, the SP content is [SP] minus 4. 
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Returning from an Interrupt Routine 
The FLG register and PC in the state in which they were immediately before entering the interrupt se- 
quence are restored from the stack by executing the REIT instruction at the end of the interrupt routine. 
Thereafter the CPU returns to the program which was being executed before accepting the interrupt re- 
quest. 
Return the other registers saved by a program within the interrupt routine using the POPM or similar in- 
struction before executing the REIT instruction. 


Interrupt Priority 
If two or more interrupt requests are generated while executing one instruction, the interrupt request that 
has the highest priority is accepted. 
For maskable interrupts (peripheral functions), any desired priority level can be selected using the ILVL2 to 
ILVLO bits. However, if two or more maskable interrupts have the same priority level, their interrupt priority 
is resolved by hardware, with the highest priority interrupt accepted. 
The watchdog timer and other special interrupts have their priority levels set in hardware. Figure 1.11.8 
shows the priorities of hardware interrupts. 
Software interrupts are not affected by the interrupt priority. If an instruction is executed, control branches 
invariably to the interrupt routine. 





DBC 





Oscillation stop and re-oscillation 
detection, 
voltage down detection 


Peripheral function 





Single step 








Address match 





Figure 1.11.8. Hardware Interrupt Priority 


Interrupt Priority Resolution Circuit 
The interrupt priority resolution circuit is used to select the interrupt with the highest priority among those 
requested. 
Figure 1.11.9 shows the circuit that judges the interrupt priority level. 
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Priority level of each interrupt Level 0 (initial value) 





Highest 





Timer B2 


Timer BO 





Timer A3 








Timer A1 





Timer B4, UART1 bus collision 








INT3 





INT2 





INTO 





Timer B1 





Timer A4 


Timer A2 





Timer B3, UARTO bus collision 








Timer B5 





UART1 reception, ACK1 





UARTO reception, ACKO 





Priority of peripheral function interrupts 
(if priority levels are same) 





UART2 reception, ACK2 





A-D conversion 





DMA1 





UART 2 bus collision 
S104, INT5 


Timer AO 





UART1 transmission, NACK1 





UARTO transmission, NACKO 





UART2 transmission, NACK2 





Key input interrupt 








DMAO 
Lowest 





S03, INT4 


deh eddeeddctetdid didted died dat 








Interrupt request level resolution output to clock 
generating circuit (Fig.1.11.1. Interrupts) 





: 








Interrupt 
request 
accepted 


| flag 





Address match 





Watchdog timer 





Oscillation stop and 
re-oscillation detection 








Voltage down detection 























Figure 1.11.9. Interrupts Priority Select Circuit 
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INT Interrupt 


INTi interrupt (i=0 to 5) is triggered by the edges of external inputs. The edge polarity is selected using the 


IFSR register's IFSRi bit. 


INT4 and INT5 share the interrupt vector and interrupt control register with SI/O3 and SI/O4, respectively. 
To use the INT4 interrupt, set the IFSR register’s IFSR6 bit to “1” (= INT4). To use the INT5 interrupt, set the 


IFSR register’s IFSR7 bit to “1” (= INT5). 


After modifying the IFSR6 or IFSR7 bit, clear the corresponding IR bit to “O” (= interrupt not requested) 


before enabling the interrupt. 


Figure 1.11.10 shows the IFSR and IFSR2A registers. 


Interrupt request cause select register 


b7 b6 bS5 b4 b3 b2 bi b0 


Symbol 





IFSR 


Address 
035Fi6 


After reset 
0016 


Funetion AW 


IFSRO 
IFSR1 


INTO interrupt polarity 
switching bit 


INT1 interrupt polari 
switching bit 


INT2 interrupt polari 
switching bit 


0 : One edge 


1 : Both edges RW 


(Note 1) 


0 : One edge 


1 : Both edges RW 


(Note 1) 


0 : One edge 
1: Both edges 





INTS interrupt polari 
switching bit 


0 : One edge 
1 : Both edges 





IFSR5 
IFSR6 
IFSR7 


INT4 interrupt polari 
switching bit 








INT5 interrupt polari 
switching bit 


Interrupt request cause 
select bit (Note 2) 


Interrupt request cause 
select bit (Note 2) 


0 : One edge 
1 : Both edges 


0 : One edge 


1: Both edges RW 


(Note 1) 


0: S03 
1: INT4 RW 


0: S04 
1 INT5 RW 


(Note 3) 





Note 1: When setting this bit to “1” (= both edges), make sure the INTOIC to INT5IC register’s POL bit 


is set to “O” (= falling edge). 


Note 2: During memory expansion and microprocessor modes, set this bit to “O” (= SI/O3, SI/O4) 
Note 3: When setting this bit to “O” (= SI/O3, SI/O4), make sure the S3IC and S4IC registers’ POL bit is 


set to “O” (= falling edge). 


Interrupt request cause select register 2 


b7 b6 bS b4 b3 b2 bi b0 


Symbol 
IFSR2A 


Bit symbol 


(b5-b0) 


Address 
035E16 


After reset 
OOXXXXXX2 


Function RW 


Nothing is assigned. When write, set to “O”. 
When read, their contents are indeterminate. 





IFSR26 


IFSR27 





Interrupt request cause 
select bit (Note 1) 


Interrupt request cause 
select bit (Note 2) 


0: Timer B3 
1 : UARTO bus collision 
detection 


0: Timer B4 


1 : UART1 bus collision 
detection 





Note 1: Timer B3 and UARTO bus collision detection share the vector and interrupt control register. When using the 
timer B3 interrupt, clear the IFSR26 bit to “O” (timer B3). When using UARTO bus collision detection, set the 


IFSR26 bit to “1”. 


Note 2: Timer B4 and UART1 bus collision detection share the vector and interrupt control register. When using the 
timer B4 interrupt, clear the IFSR27 bit to “O” (timer B4). When using UART1 bus collision detection, set the 


IFSR27 bit to “1”. 





Figure 1.11.10. IFSR Register and IFSR2A Register 
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NMI Interrupt 
An NMI interrupt request is generated when input on the NMI pin changes state from high to low. The NMI 
interrupt is a non-maskable interrupt. 
The input level of this NMI interrupt input pin can be read by accessing the P8 registers P8_5 bit. 
This pin cannot be used as an input port. 


Key Input Interrupt 

Of P104 to P107, a key input interrupt is generated when input on any of the P104 to P107 pins which has 
had the PD10 register’s PD10_4 to PD10_7 bits set to “0” (= input) goes low. Key input interrupts can be 
used as a key-on wakeup function, the function which gets the microcomputer out of wait or stop mode. 
However, if you intend to use the key input interrupt, do not use P104 to P107 as analog input ports. Figure 
1.11.11 shows the block diagram of the key input interrupt. Note, however, that while input on any pin which 
has had the PD10_4 to PD10_7 bits set to “O” (= input mode) is pulled low, inputs on all other pins of the port 
are not detected as interrupts. 


PURZ2 register's PU25 bit 


Pull-up ie J KUPIC register 
transistor PD10 register's 


PD10_7 bit 








PD10 register's PD10_7 bit 


KI3 © 


Pull-up PD10 register's 
transistor PD10_6 bit 





Key input interrupt 
request 





Kl2 O T Interrupt control circuit ——»> 





Pull-up 


transistor PD10 register's 


PD10_5 bit 


Ki O a 





PD10_4 bit 





| Pull-up | PD10 register's 


transistor 


Klo O is 








Figure 1.11.11. Key Input Interrupt 
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Address Match Interrupt 
An address match interrupt request is generated immediately before executing the instruction at the ad- 
dress indicated by the RMADi register (i=0 to 3). Set the start address of any instruction in the RMADi 
register. Use the AIER register’s AIERO and AIER1 bits and the AIER2 register’s AIER20 and AIER21 bits 
to enable or disable the interrupt. Note that the address match interrupt is unaffected by the | flag and IPL. 
For address match interrupts, the value of the PC that is saved to the stack area varies depending on the 
instruction being executed (refer to “Saving Registers’). 
(The value of the PC that is saved to the stack area is not the correct return address.) Therefore, follow one 
of the methods described below to return from the address match interrupt. 
* Rewrite the content of the stack and then use the REIT instruction to return. 
« Restore the stack to its previous state before the interrupt request was accepted by using the POP or 
similar other instruction and then use a jump instruction to return. 
Table 1.11.6 shows the value of the PC that is saved to the stack area when an address match interrupt 
request is accepted. 
Note that when using the external bus in 8 bits width, no address match interrupts can be used for external 
areas. 
Figure 1.11.12 shows the AIER, AIER2, and RMADO to RMAD3 registers. 


Table 1.11.6. Value of the PC that is saved to the stack area when an address match interrupt 
request is accepted. 


Value of the PC that is 
saved to the stack area 


Instruction at the address indicated by the RMADi register 


The address 
indicated by the 
RMADi register +2 


* 16-bit op-code instruction 

¢ Instruction shown below among 8-bit operation code instructions 
ADD.B:S #IMM8,dest SUB.B:S  #IMM8,dest 
OR.B:S #IMM8,dest MOV.B:S  #IMM8,dest 
STNZ.B:S #IMM8,dest STZX.B:S  #IMM81,#IMM82,dest 
CMP.B:S  #IMM8,dest PUSHM src 
JMPS #IMM8 JSRS #IMM8 
MOV.B:S = #IMM,dest (However, dest=A0 or A1) 


AND.B:S 
STZ.B:S 


#IMM8,dest 
#IMM8,dest 


POPM dest 





The address 
indicated by the 
RMADi register +1 


Instructions other than the above 








Value of the PC that is saved to the stack area : Refer to “Saving Registers”. 


Table 1.11.7. Relationship Between Address Match Interrupt Sources and Associated Registers 


Address match interrupt sources 


Address match interrupt enable bit 


Address match interrupt register 





Address match interrupt 0 


AIERO 


RMADO 





Address match interrupt 1 


AIER1 


RMAD1 





Address match interrupt 2 


AIER20 


RMAD2 





Address match interrupt 3 





AIER21 





RMAD3 
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Address match interrupt enable register 


D7 26 ibd. “ba BS. ibe bl 00 Symbol Address After reset 


AIER 000916 XXXXXX002 


AIERO Address match interruptO | g- Interrupt disabled Si 
enable bit 1 : Interrupt enabled 

AIER1 Address match interrupt 1 0: Interrupt disabled RW 
enable bit 1 : Interrupt enabled 

——s Nothing is assigned. 
When write, set to “0”. 
When read, their contents are indeterminate. 

Address match interrupt enable register 2 


b7 b6 b5 b4 b8 b2 bi b0 Symbol Add Att t 
xIDXDXIXIXX] | AIERD 01 BBio XXXXXXO02 


aes siaynba 
re ee AIER20_ |Address match interrupt 2 | 9 : Interrupt disabled RW 
: enable bit 1 : Interrupt enabled 
AIER21_ | Address match interrupt 3 | 0: Interrupt disabled RW 
enable bit 1: Interrupt enabled 


Nothing is assigned. 
(b7-b2) When write, set to “O”. 
When read, their contents are indeterminate. 


Address match interrupt register i (i = 0 to 3) 


(b19) (b16)(b15) (b8) Address After reset 
BS poor pos 001216 to 001016 X0000016 
001616 to 001416 X0000016 
01BA16 to 01B816 X0000016 
01BE16 to 01BC16 X0000016 


Address setting register for address match interrupt 0000016 to FFFFF16 


Nothing is assigned. 
When write, set to “O”. 
When read, their contents are indeterminate. 





Figure 1.11.12. AIER Register, AIER2 Register and RMADO to RMAD3 Registers 
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Watchdog Timer 


The watchdog timer is the function of detecting when the program is out of control. Therefore, we recom- 
mend using the watchdog timer to improve reliability of a system. The watchdog timer contains a 15-bit 
counter which counts down the clock derived by dividing the CPU clock using the prescaler. Whether to 
generate a watchdog timer interrupt request or apply a watchdog timer reset as an operation to be per- 
formed when the watchdog timer underflows after reaching the terminal count can be selected using the 
PM12 bit of PM1 register. The PM12 bit can only be set to “1” (reset). Once this bit is set to “1”, it cannot be 
set to “O” (watchdog timer interrupt) in a program. Refer to “Watchdog Timer Reset” for the details of 
watchdog timer reset. 

When the main clock source is selected for CPU clock, ring oscillator clock, PLL clock, the divide-by-N 
value for the prescaler can be chosen to be 16 or 128. If a sub-clock is selected for CPU clock, the divide- 
by-N value for the prescaler is always 2 no matter how the WDC7 bit is set. The period of watchdog timer 
can be calculated as given below. The period of watchdog timer is, however, subject to an error due to the 
prescaler. 


With main clock source chosen for CPU clock, ring oscillator clock, PLL clock 


Prescaler dividing (16 or 128) X Watchdog timer count (32768) 
CPU clock 


Watchdog timer period = 


With sub-clock chosen for CPU clock 


Prescaler dividing (2) X Watchdog timer count (82768) 
CPU clock 


Watchdog timer period = 


For example, when CPU clock = 16 MHz and the divide-by-N value for the prescaler= 16, the watchdog 
timer period is approx. 32.8 ms. 


The watchdog timer is initialized by writing to the WDTS register. The prescaler is initialized after reset. 
Note that the watchdog timer and the prescaler both are inactive after reset, so that the watchdog timer is 
activated to start counting by writing to the WDTS register. 

In stop mode, wait mode and hold state, the watchdog timer and prescaler are stopped. Counting is re- 
sumed from the held value when the modes or state are released. 

Figure 1.12.1 shows the block diagram of the watchdog timer. Figure 1.12.2 shows the watchdog timer- 
related registers. 


* Count source protective mode 

In this mode, a ring oscillator clock is used for the watchdog timer count source. The watchdog timer can be 
kept being clocked even when CPU clock stops as a result of run-away. 

Before this mode can be used, the following register settings are required: 

(1) Set the PRC1 bit of PRCR register to “1” (enable writes to PM1 and PM2 registers). 

(2) Set the PM12 bit of PM1 register to “1” (reset when the watchdog timer underflows). 

(3) Set the PM22 bit of PM2 register to “1” (ring oscillator clock used for the watchdog timer count source). 
(4) Set the PRC1 bit of PRCR register to “O” (disable writes to PM1 and PM2 registers). 

(5) Write to the WDTS register (watchdog timer starts counting). 


we wrwmawT we 





zENESAS 


Renesas Technology Corp. 93 


Renesas microcomputers 


M16C / 62P Group 


Watchdog Timer SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 











Setting the PM22 bit to “1” results in the following conditions 
¢ The ring oscillator starts oscillating, and the ring oscillator clock becomes the watchdog timer count 


source. 


Watchdog timer count (32768) 
Watchdog timer period =_§$_ ———________— 
ring oscillator clock 


* The CM10 bit of CM1 register is disabled against write. (Writing a “1” has no effect, nor is stop mode 
entered.) 
« The watchdog timer does not stop when in wait mode or hold state. 


Prescaler 


!CMO7 = 0 
‘WDC7 = 0 














: PM12=0 
‘CMO7 =0 Watchdog timer 
: WDC7 = 1 PM22 = 0 interrupt request 
to O—————— 


\ oF watcher | o> 
feuine’ if piee4 Watchdog timer 
: oO i . 


PM12=1 
Reset 


























Ring oscillator clock 


Write to WDTS register 


RESETO {> 


Figure 1.12.1. Watchdog Timer Block Diagram 














Watchdog timer control register 
b7 b6 bS5 b4 b3 b2 bi b0 
Symbol Address After reset 
Par WDC QOOFis — OOXXXXXXa(Note 2) 
Bit symbol Function RW 


High-order bit of watchdog timer 





Cold start / warm start 0 : Cold start 
discrimination flag (Note 1)} 1 : Warm start 


Reserved bit Must set to “0” 
WDC7 Prescaler select bit - Divided by 16 
: Divided by 128 


: Writing to the WDC register causes the WDC5 bit to be set to “1” (warm start). 

: The WDC5 bit is “O” (cold start) immediately after power-on. It can only be set to “1” in a program. It is set 
to “O” when the input voltage at the Vcci pin drops to Vdet2 or less while the VC25 bit in the VCR2 register 
is set to “1” (RAM retention limit detection circuit enable). 





Watchdog timer start register (Note) 


o- Symbol Address After reset 


[LT WDTS OOOE16 Indeterminate 
7 


The watchdog timer is initialized and starts counting after a write instruction to 


this register. The watchdog timer value is always initialized to “7FFF16” 
regardless of whatever value is written. 


Note : Write to the WDTS register after the watchdog timer interrupt occurs. 


Figure 1.12.2. WDC Register and WDTS Register 
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DMAC 


The DMAC (Direct Memory Access Controller) allows data to be transferred without the CPU intervention. 
Two DMAC channels are included. Each time a DMA request occurs, the DMAC transfers one (8 or 16-bit) 
data from the source address to the destination address. The DMAC uses the same data bus as used by 
the CPU. Because the DMAC has higher priority of bus control than the CPU and because it makes use of 
a cycle steal method, it can transfer one word (16 bits) or one byte (8 bits) of data within a very short time 
after a DMA request is generated. Figure 1.13.1 shows the block diagram of the DMAC. Table 1.13.1 
shows the DMAC specifications. Figures 1.13.2 to 1.13.4 show the DMAC-related registers. 


Address bus 
BUA source pone SARO@) «> 
[Tass nazar 
Y___ Yeteses neon 
DNAO Toward adress porter 20) (Nee) > 


DMAO transfer counter reload register TCRO (16) [> DMA1 source pointer SAR1 (20) c> 
\/ (addresses 002916, 002816) ee | (addresses 003216 to 003016) 
DMAO transfer counter TCRO (16) _ > DMA1 destination pointer DAR1 (20) 


=." (addresses 003616 to 003416) 
DMA‘ transfer counter reload register TCR1 (16) > DMA1 forward address pointer (20) (Note) -> 


\/ (addresses 003916, 003816) 


(16) 


Data bus low-order bits 


Data bus high-order bits 


Note: Pointer is incremented by a DMA request. 





Figure 1.13.1. DMAC Block Diagram 


A DMA request is generated by a write to the DMISL register (i = O—-1)’s DSR bit, as well as by an interrupt 
request which is generated by any function specified by the DMISL register’s DMS and DSEL3—DSELO bits. 
However, unlike in the case of interrupt requests, DMA requests are not affected by the | flag and the 
interrupt control register, so that even when interrupt requests are disabled and no interrupt request can be 
accepted, DMA requests are always accepted. Furthermore, because the DMAC does not affect interrupts, 
the interrupt control register’s IR bit does not change state due to a DMA transfer. 

A data transfer is initiated each time a DMA request is generated when the DMICON register’s DMAE bit = 
“1” (DMA enabled). However, if the cycle in which a DMA request is generated is faster than the DMA 
transfer cycle, the number of transfer requests generated and the number of times data is transferred may 
not match. For details, refer to “DMA Requests”. 
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Table 1.13.1. DMAC Specifications 





Item Specification 


No. of channels 


2 (cycle steal method) 





Transfer memory space 


* From any address in the 1M bytes space to a fixed address 
«From a fixed address to any address in the 1M bytes space 
«From a fixed address to a fixed address 





Maximum No. of bytes transferred 


128K bytes (with 16-bit transfers) or 64K bytes (with 8-bit transfers) 





DMA request factors 
(Note 1, Note 2) 


Falling edge of INTO or INT1 

Both edge of INTO or INT1 

Timer AO to timer A4 interrupt requests 

Timer BO to timer B5 interrupt requests 

UARTO transfer, UARTO reception interrupt requests 
UART1 transfer, UART1 reception interrupt requests 
UART2 transfer, UART2 reception interrupt requests 
SI/O3, SI/O4 interrpt requests 

A-D conversion interrupt requests 

Software triggers 





Channel priority 


DMAO > DMA1 (DMA0O takes precedence) 





Transfer unit 


8 bits or 16 bits 





Transfer address direction 


forward or fixed (The source and destination addresses cannot both be 
in the forward direction.) 





Transfer mode] *Single transfer 


Transfer is completed when the DMAi transfer counter (i = 0-1) 
underflows after reaching the terminal count. 





«Repeat transfer 





When the DMAi transfer counter underflows, it is reloaded with the value 
of the DMAi transfer counter reload register and a DMA transfer is con 
tinued with it. 





DMA interrupt request generation timing 


When the DMAi transfer counter underflowed 





DMA startup 


Data transfer is initiated each time a DMA request is generated when the 
DMAICON register’s DMAE bit = “1” (enabled). 





DMA shutdown | «Single transfer 


« When the DMAE bit is set to “O” (disabled) 
¢ After the DMAi transfer counter underflows 








«Repeat transfer 


When the DMAE bit is set to “O” (disabled) 





Reload timing for forward ad, 


dress pointer and transfer 
counter 





When a data transfer is started after setting the DMAE bit to “1” (en 
abled), the forward address pointer is reloaded with the value of the 
SARi or the DARi pointer whichever is specified to be in the forward 
direction and the DMAi transfer counter is reloaded with the value of the 
DMAi transfer counter reload register. 





Notes: 


1. DMA transfer is not effective to any interrupt. DMA transfer is affected neither by the | flag nor by the 


interrupt control register. 


2. The selectable causes of DMA requests differ with each channel. 
3. Make sure that no DMAC-related registers (addresses 002016—003F 16) are accessed by the DMAC. 
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DMAO request cause select register 


b7 b6 b5 b4 b3 b2 b1 bO Symbol Address After reset 
DMOSL 03B816 0016 








Bit symbol Bit name Function 


DMA request cause Refer to note 
select bit 





Nothing is assigned. When write, set to “O”. 
When read, its content is “0”. 


DMA request cause 0: Basic cause of request 
expansion select bit 1: Extended cause of request 





Software DMA A DMA request is generated by 
request bit setting this bit to “1” when the DMS 
bit is “O” (basic cause) and the 
DSEL3 to DSELO bits are “00012” 
(software trigger). 
The value of this bit when read is “0” . 














Note: The causes of DMAO requests can be selected by a combination of DMS bit and DSEL3 to DSELO bits in the 
manner described below. 


DSEL3 to DSELO| DMS=0(basic cause of request) DMS=1 (extended cause of request) 
Falling edge of INTO pin - 

Software trigger 
Timer AO 

Timer Al 

Timer A2 

Timer A3 = 

Timer A4 Two edges of INTO pin 
Timer BO Timer B3 

Timer B1 Timer B4 

Timer B2 Timer BS 

UARTO transmit = 

UARTO receive 7 

UART2 transmit a 

UART2 receive 
A-D conversion 
UART1 transmit 




















m 





i 





rm |r 








i 





ns 





n 





slo/= ola lolS ola |ola|o 


i 




















Figure 1.13.2. DMOSL Register 
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DMA1 request cause select register 


Address 
O3BA16 


After reset 
0016 


b7 b6 bS b4 b3 b2 b1 bO 


| Xx 


Symbol 
DM1SL 


DSELO DMA request cause 


DSEL1 select bit 


DSEL2 


DSEL3 


Refer to note 


Nothing is assigned. When write, set to “O”. 


(b5-b4) When read, its content is “0”. 





DMA request cause 
expansion select bit 


0: Basic cause of request 
1: Extended cause of request 


DMS 


Software DMA 
request bit 


A DMA request is generated by 
setting this bit to “1” when the DMS 
bit is “O” (basic cause) and the 
DSEL3 to DSELO bits are “00012” 
(software trigger). 

The value of this bit when read is “O” . 





Note: The causes of DMA1 requests can be selected by a combination of DMS bit and DSEL3 to DSELO bits in the 
manner described below. 

DSEL3 to DSELO| DMS=0(basic cause of request) DMS=1 (extended cause of request) 

Falling edge of INT1 pin - 

Software trigger - 

Timer AO - 

Timer A1 = 

Timer A2 = 

Timer A3 S1/03 

Timer A4 SI/04 

Timer BO Two edges of INT1 

Timer B1 = 

Timer B2 = 

UARTO transmit = 

UARTO receive/ACKO = 

UART2 transmit = 

UART2 receive/ACK2 

A-D conversion 

UART1 receive/ACK1 





















































DMAIi control register(i=0,1 


b7 b6 b5 b4 b3 b2 bt bd Address After reset 
DMOCON 002C16 00000xX002 


DM1CON 003C16 00000X002 


Symbol 


DMBIT 


Transfer unit bit select bit 


: 16 bits 
: 8 bits 





DMASL 


DMAS 


DMAE 


DSD 


DAD 


(b7-b6) 


Repeat transfer mode 
select bit 


DMA request bit 


DMA enable bit 


Source address direction 
select bit (Note 2) 


Destination address 


direction select bit (Note 2) 





: Single transfer 
: Repeat transfer 


0 : DMA not requested 
1: DMA requested 


0 : Disabled 
1: Enabled 


0 : Fixed 
1: Forward 


(Note 1) 


0 : Fixed 
1 : Forward 


Nothing is assigned. When write, set to “O”. When 


read, its content is “O”. 


: The DMAS bit can be set to “O” by writing “O” in a program (This bit remains unchanged even if “1” is written). 
Note 2: At least one of the DAD and DSD bits must be “0” (address direction fixed). 





Figure 1.13.3. DM1SL Register, DMOCON Register, and DM1CON Registers 
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DMAi source pointer (i = 0, 1) (Note) 


(b23) (b19) (b16)(b15) 
b7 b3 bO b7 bo Symbol Address After reset 


VY YAY SAR1 003216 to 003016 Indeterminate 


Set the source address of transfer 0000016 to FFFFFi6 


Nothing is assigned. When write, set “O”. When read, these contents 
are “0”. 





: If the DSD bit of DMiCON register is “0” (fixed), this register can only be written to when the DMAE bit of 
DMICON register is “O” (DMA disabled). 
If the DSD bit is “1” (forward direction), this register can be written to at any time. 
If the DSD bit is “1” and the DMAE bit is “1” (DMA enabled), the DMAi forward address pointer can be read from 
this register. Otherwise, the value written to it can be read. 


DMAi destination pointer (i = 0, 1)(Note) 


(b19) (b16)(b15) 
be BOB? bo symbol Address After reset 


H DARO 002616 to 002416 Indeterminate 
: DAR1 003616 to 003416 Indeterminate 





Function Setting range 





Set the destination address of transfer 0000016 to FEFFF16 


are “0”. 
Note: If the DAD bit of DMiCON register is “O” (fixed), this register can only be written to when the DMAE bit of 
DMICON register is “O”(DMA disabled). 
If the DAD bit is “1” (forward direction), this register can be written to at any time. 
If the DAD bit is “1” and the DMAE bit is “1” (DMA enabled), the DMAi forward address pointer can be read from 
this register. Otherwise, the value written to it can be read. 


RW 
Nothing is assigned. When write, set “O”. When read, these contents = 


DMAi transfer counter (i = 0, 1) 


(b15) (b8) 
b7 bO b7 


Symbol Address After reset 


TCR1 003916, 003816 Indeterminate 





Function Setting range 


Set the transfer count minus 1. The written value 
is stored in the DMAi transfer counter reload 
register, and when the DMAE bit of DMiCON 
register is set to “1” (DMA enabled) or the DMAi 
transfer counter underflows when the DMASL bit 
of DMiCON register is “1” (repeat transfer), the 
value of the DMAi transfer counter reload register 
is transferred to the DMAi transfer counter. 

When read, the DMAi transfer counter is read. 


000016 to FFFF16 








Figure 1.13.4. SARO, SAR1, DARO, DAR1, TCRO, and TCR1 Registers 
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1. Transfer Cycles 
The transfer cycle consists of a memory or SFR read (source read) bus cycle and a write (destination 
write) bus cycle. The number of read and write bus cycles is affected by the source and destination 
addresses of transfer. During memory extension and microprocessor modes, it is also affected by the 
BYTE pin level. Furthermore, the bus cycle itself is extended by a software wait or RDY signal. 


(a) Effect of Source and Destination Addresses 
If the transfer unit and data bus both are 16 bits and the source address of transfer begins with an odd 
address, the source read cycle consists of one more bus cycle than when the source address of 
transfer begins with an even address. 
Similarly, if the transfer unit and data bus both are 16 bits and the destination address of transfer 
begins with an odd address, the destination write cycle consists of one more bus cycle than when the 
destination address of transfer begins with an even address. 


(b) Effect of BYTE Pin Level 
During memory extension and microprocessor modes, if 16 bits of data are to be transferred on an 8- 
bit data bus (input on the BYTE pin = high), the operation is accomplished by transferring 8 bits of data 
twice. Therefore, this operation requires two bus cycles to read data and two bus cycles to write data. 
Furthermore, if the DMAC is to access the internal area (internal ROM, internal RAM, or SFR), unlike 
in the case of the CPU, the DMAC does it through the data bus width selected by the BYTE pin. 


(c) Effect of Software Wait 
For memory or SFR accesses in which one or more software wait states are inserted, the number of 
bus cycles required for that access increases by an amount equal to software wait states. 


(d) Effect of RDY Signal 
During memory extension and microprocessor modes, DMA transfers to and from an external area 
are affected by the RDY signal. Refer to “RDY signal”. 


Figure 1.13.5 shows the example of the cycles for a source read. For convenience, the destination write 
cycle is shown as one cycle and the source read cycles for the different conditions are shown. In reality, 
the destination write cycle is subject to the same conditions as the source read cycle, with the transfer 
cycle changing accordingly. When calculating transfer cycles, take into consideration each condition for 
the source read and the destination write cycle, respectively. For example, when data is transferred in 16 
bit units using an 8-bit bus ((2) in Figure 1.13.5), two source read bus cycles and two destination write bus 
cycles are required. 
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(1) When the transfer unit is 8 or 16 bits and the source of transfer is an even address 





BCLK 





















































Address 
bus 














RD signal 





WR signal 
Data SPs Dummy 
bus Source Destination cycle 


(2) When the transfer unit is 16 bits and the source address of transfer is an odd address, or when the 
transfer unit is 16 bits and an 8-bit bus is used 




















BCLK | | | 

































































Address 


bus CPU use Source  XSource +1 Destination 














RD signal 








WR signal 


ne CPU use Source \Source + 1 Destination eee CPU use 





(3) When the source read cycle under condition (1) has one wait state inserted 





BCLK | | | | 





















































Address 
bus 


RD signal 


WR signal 


CPU use Source Destination 


























Data eee Dum 
bus CPU use Source Destination ane” CPU use 


(4) When the source read cycle under condition (2) has one wait state inserted 





BCLK | | 












































orale CPU use Source X Source + 1 ” Destination 








RD signal 














WR signal 


Data aa Dum 
bus CPU use Source Source + 1 Destination et sl CPU use 


Note: The same timing changes occur with the respective conditions at the destination as at the source. 











Figure 1.13.5. Transfer Cycles for Source Read 
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2. DMA Transfer Cycles 


Any combination of even or odd transfer read and write addresses is possible. Table 1.13.2 shows the 
number of DMA transfer cycles. Table 1.13.3 shows the Coefficient j, k. 
The number of DMAC transfer cycles can be calculated as follows: 


No. of transfer cycles per transfer unit = No. of read cycles x j + No. of write cycles x k 


Table 1.13.2. DMA Transfer Cycles 


Single-chip mode Memory expansion mode 
Transfer unit Bus width | Access address Microprocessor mode 





No. of read | No. of write} No. of read | No. of write 
cycles cycles cycles cycles 
16-bit 
8-bit transfers (BYTE= “L”) 
(DMBIT= “1”) 8-bit 
(BYTE = “H’”) 
16-bit 
16-bit transfers (BYTE = “L”) 
(DMBIT= “O”) 8-bit 
(BYTE = “H”) 












































Table 1.13.3. Coefficient j, k 
Internal area External area 








4 











4 





Notes: 
1. Depends on the set value of CSE register. 
2. Depends on the set value of PM20 bit in PM2 register. 
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3. DMA Enable 
When a data transfer starts after setting the DMAE bit in DMiCON register (i = 0, 1) to “1” (enabled), the 
DMAC operates as follows: 
(1) Reload the forward address pointer with the SARi register value when the DSD bit in DMiCON register 
is “1” (forward) or the DARi register value when the DAD bit of DMICON register is “1” (forward). 
(2) Reload the DMAi transfer counter with the DMAi transfer counter reload register value. 


If the DMAE bit is set to “1” again while it remains set, the DMAC performs the above operation. However, 
if a DMA request may occur simultaneously when the DMAE bit is being written, follow the steps below. 
Step 1: Write “1” to the DMAE bit and DMAS bit in DMiCON register simultaneously. 

Step 2: Make sure that the DMA‘ is in an initial state as described above (1) and (2) in a program. 

If the DMAi is not in an initial state, the above steps should be repeated. 


4. DMA Request 
The DMAC can generate a DMA request as triggered by the cause of request that is selected with the 
DMS and DSEL3 to DSELO bits of DMISL register (i = 0, 1) on either channel. Table 1.13.4 shows the 
timing at which the DMAS bit changes state. 
Whenever a DMA request is generated, the DMAS bit is set to “1” (DMA requested) regardless of whether 
or not the DMAE bit is set. If the DMAE bit was set to “1” (enabled) when this occurred, the DMAS bit is 
set to “O” (DMA not requested) immediately before a data transfer starts. This bit cannot be set to “1” in 
a program (it can only be set to “O”). 
The DMAS bit may be set to “1” when the DMS or the DSEL3 to DSELO bits change state. Therefore, 
always be sure to set the DMAS bit to “O” after changing the DMS or the DSEL3 to DSELO bits. 
Because if the DMAE bit is “1”, a data transfer starts immediately after a DMA request is generated, the 
DMAS bit in almost all cases is “O” when read in a program. Read the DMAE bit to determine whether the 
DMAC is enabled. 


Table 1.13.4. Timing at Which the DMAS Bit Changes State 


DMA factor DMAS bit of the DMICON register 


° ° oc, 49 
. 4 


Timing at which the bit is set to “1 Timing at which the bit is set to “O” 


Software trigger When the DSR bit of DMiSL * Immediately before a data transfer starts 
register is set to “1 * When set by writing “O” in a program 


Peripheral function | When the interrupt control register 
for the peripheral function that is 
selected by the DSEL3 to DSELO 
and DMS bits of DMISL register 
has its IR bit set to “1” 
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Channel Priority and DMA Transfer Timing 
If both DMAO and DMA1 are enabled and DMA transfer request signals from DMAO and DMA1 are 
detected active in the same sampling period (one period from a falling edge to the next falling edge of 
BCLKk), the DMAS bit on each channel is set to “1” (DMA requested) at the same time. In this case, the 
DMA requests are arbitrated according to the channel priority, DMAO > DMA1. The following describes 
DMAC operation when DMAO and DMA1 requests are detected active in the same sampling period. 
Figure 1.13.6 shows an example of DMA transfer effected by external factors. 
DMAO request having priority is received first to start a transfer when a DMAO request and DMA1 request 
are generated simultaneously. After one DMAO transfer is completed, a bus arbitration is returned to the 
CPU. When the CPU has completed one bus access, a DMA1 transfer starts. After one DMA1 transfer is 
completed, the bus arbitration is again returned to the CPU. 
In addition, DMA requests cannot be counted up since each channel has one DMAS bit. Therefore, when 
DMA requests, as DMA in Figure 1.13.6, occurs more than one time, the DMAS bit is set to “0” as soon 
as getting the bus arbitration. The bus arbitration is returned to the CPU when one transfer is completed. 
Refer to “(7) Hold Signal in Bus Control” for details about bus arbitration between the CPU and DMA. 


An example where DMA requests for external causes are detected active at the same 
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Figure 1.13.6. DMA Transfer by External Factors 
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Timers 


Eleven 16-bit timers, each capable of operating independently of the others, can be classified by function 
as either timer A (five) and timer B (six). The count source for each timer acts as a clock, to control such 
timer operations as counting, reloading, etc. Figures 1.14.1 and 1.14.2 show block diagrams of timer A and 
timer B configuration, respectively. 


f2 PCLKO bit = 0 Clock prescaler 


* Main clock ft f1 or f2 
PALL code pe Xcin QQ 1/82 
+ Ring oscillator PCLKO bit = 1 Buasi 
lock pw {8 c ese 
cloc ie Set the CPSR bit of CPSRF 
1/4 f32 register to “1” (= prescaler 
reset) 
































fi or f2 f8 f32 fo32 


+ Timer mode 
O * One-shot timer mode 
Oo Pulse Width Measuring (PWM) mode 
+= a Timer AO interrupt 
Va Noise 
filter + Event counter ne 
+ Timer mode 
* One-shot timer mode 
O O\. + PWM mode 
eo 
ei > 
iz Noise 
filter 


* Event counter mode 























Timer A1 interrupt 











* Timer mode 
* One-shot timer mode 
O + PWM mode 


- oo ——? 0 Timer A2 
Noise 
filter 


* Event counter mode 


Timer A2 interrupt 














* Timer mode 
* One-shot timer mode 
* PWM mode 


st 
Noise 


filter * Event counter mode 





Timer A3 interrupt 











+ Timer mode 
* One-shot timer mode 
* PWM mode 


- e Timer A4 
Noise 
filter 


* Event counter mode 





Timer A4 interrupt 





























Timer B2 overflow or underflow 


Note: Be aware that TAOIN shares the pin with RxD2 and TBSIN. 





Figure 1.14.1. Timer A Configuration 





2tENESAS 


Renesas Technology Corp. 


105 


Renesas microcomputers 


M16C / 62P Group 
Timers SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


f2 PCLKO bit = 0 





Clock prescaler 





* Main clock fH 
* PLL clock ‘ 
* Ring oscillator ie Peep fg 
clock Set the CPSR bit of CPSRF 
1/4 f32 register to “1” (= prescaler 
reset) 











f1 or f2 fg f32 {C32 
Timer B2 overflow or underflow ( to Timer A count source) 
a 


+ Timer mode 
« Pulse width measuring mode, 
0 pulse period measuring mode 


— @—o 
Noise Timer BO 
filter 


* Event counter mode 





OO 0,/— 


Timer BO interrupt 


yy 





* Timer mode 
* Pulse width measuring mode, 
pulse period measuring mode 


O 
Noise : 
Timer B1 


* Event counter mode 





O00” 


Timer B1 interrupt 


TBIIN ( ) 


W 





* Timer mode 
* Pulse width measuring mode, 


O pulse period measuring mode Timer B2 interrupt 


Noise . 
Timer B2 


* Event counter mode 





Ws be 





* Timer mode 
* Pulse width measuring mode, 
O pulse period measuring mode Timer B3 interrupt 


Noise ‘ 
Timer B3 


* Event counter mode 


A ious 





* Timer mode 
¢ Pulse width measuring mode, 
O pulse period measuring mode Timer B4 interrupt 


Noise . 
o Timer B4 


* Event counter mode 


* Timer mode 
¢ Pulse width measuring mode, 


pulse period measuring mode Timer B5 interrupt 


Noise . 
Timer B5 


* Event counter mode 

















Note: Be aware that TBSIN shares the pin with RxD2 and TAOIN. 





Figure 1.14.2. Timer B Configuration 
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Timer A 
Figure 1.14.3 shows a block diagram of the timer A. Figures 1.14.4 to 1.14.6 show registers related to the 
timer A. 


The timer A supports the following four modes. Except in event counter mode, timers AO to A4 all have the 
same function. Use the TMOD1 to TMODO bits of TAiMR register (i = 0 to 4) to select the desired mode. 

¢ Timer mode: The timer counts an internal count source. 

* Event counter mode: The timer counts pulses from an external device or overflows and underflows of 

other timers. 
* One-shot timer mode: The timer outputs a pulse only once before it reaches the minimum count 
“000016.” 
* Pulse width modulation (PWM) mode: The timer outputs pulses in a given width successively. 


Data bus high-order bits 
Clock source . 


ScelGn - Timer Data bus low-order bits 


f1 or f2-——o * One shot Low-order High-order 
fg “EWM 8 bits 8 bits 
—O 


* Timer Reload register 
O 


(gate function) 
¢ Event counter 


Up-count/down-count 


TAiIN 
(i= 0 to 4) [Hever counts down 7) 


Clock selection in event counter mode 


e) TAi Addresses TAj TAK 


(Not : : . 
——o Timer AO 038716 - 038616 Timer A4_ Timer A1 
TB2 aaa ) To external Timer A1 038916 - 038816 Timer AO Timer A2 


Note : iaiti , : - 
i trigger circuit Timer A2 038B1e-038Aie TimerA1 Timer A3 
oes however, that j = 4 when i = 0) Down count —-O Timer A3_ 038D16-038Cis TimerA2 Timer A4 


Timer A4 038Fi6 - 038E16 Timer A3_ Timer AO 
[UDF register }—o register O 
TAk overflow .————————-O g 


(k =i + 1. Note, however, that k = 0 when i = 4) 


Pulse output 


Toggle flip-flop 


Note: Overflow or underflow 





Figure 1.14.3. Timer A Block Diagram 


Timer Ai mode register (i=0 to 4) 


Symbol Address After reset 
TAOMR to TA4MR ~——0396 16 to O39A16 0016 


b7 b6 bS b4 b3 b2 b1_ bO 


Bit symbol 


TMODO Operation mode select bit | 96 : Timer mode 
0 1: Event counter mode 


TMOD1 10: One-shot timer mode 
1 1: Pulse width modulation 
(PWM) mode 
Function varies with each 


MR1 operation mode 
MR2 


MR3 
Count source select bit Function varies with each 


TCK1 operation mode 


Figure 1.14.4. TAOMR to TA4MR Registers 


DD) Div) D| Dv Bs) Di} 
2|2/2{2|2/2| 2 | 2 [2 
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Timer Ai register (i= 0 to 4) (Note 1) 


Symbol Address After reset 
Veer TAO 038716, 038616 Indeterminate 
TAI 038916, 038816 Indeterminate 
TA2 038Bi6, 038A16 Indeterminate 
TA3 038D16, 038C1i6 Indeterminate 
TA4 038F 16, 038E16 Indeterminate 


Mode Function Setting range 


---7 Timer Divide the count source byn +1 wheren=]| Qgooi6 to FFFFi6 
mode set value 























Event Divide the count source by FFFFis—n+1]| 000016 to FFFF16 
counter where n = set value when counting up or 
mode by n+ 1 when counting down (Note 5) 


One-shot Divide the count source by n where n = set] 000016 to FFFFi6 
timer mode | value and cause the timer to stop (Notes 2, 4) 


Pulse width | Modify the pulse width as follows: 
modulation | PWM period: (216 — 1) / fj oo 
mode High level PWM pulse width: n / fj 
(16-bit PWM) | where n = set value, fj = count source 
frequency 


Pulse width | Modify the pulse width as follows: _ 0016 to FE16 
modulation | PWM period: (28 — 1) x (m + 1)/ fj ign ots eddies) 
mode High level PWM pulse width: (m + 1)n/ fj Low- 
(8-bit PWM) | where n = high-order address set value, (Low-order address) 
m = low-order address set value, fj = (Note 3, 4) 
count source frequency 














The register must be accessed in 16 bit units. 
If the TAi register is set to ‘000016,’ the counter does not work and timer Ai interrupt 
requests are not generated either. Furthermore, if “pulse output” is selected, no pulses are 
output from the TAIOUT pin. 
If the TAi register is set to ‘000016,’ the pulse width modulator does not work, the output 
level on the TAiOUT pin remains low, and timer Ai interrupt requests are not generated 
either. The same applies when the 8 high-order bits of the timer TAi register are set to ‘001 
6’ while operating as an 8-bit pulse width modulator. 

Note 4: Use the MOV instruction to write to the TAi register. 

Note 5: The timer counts pulses from an external device or overflows or underflows in other timers. 


Count start flag 
b7 b6 b5 b4 b3 b2 Symbol Address After reset 
TABSR 038016 0016 
































Bit symbol Bit name Function 





TAOS Timer AO count start 0 : Stops counting 
TAIS Timer A1 count start 1: Starts counting 
TA2S Timer A2 count start 
TA3S Timer A3 count start 
TA4S Timer A4 count start 


























Timer BO count start 


Timer B1 count start 








Timer B2 count start 











Up/down flag (Note 1) 


b7__b6_b5_b4 _b3_b2 bt _b0 Address After reset 
UDF 038416 0016 


Bit name Function 


Timer AO up/down flag 0 : Down count 
1: Up count 


Enabled by setting the TAIMR 
Timer A2 up/down flag register’s MR2 bit to “O” 

: (= switching source in UDF 
Timer A3 up/down flag register) during event counter 
Timer A4 up/down flag mode. 


Timer A1 up/down flag 

















Timer A2 two-phase pulse | 0 : two-phase pulse signal 
signal processing select bit} _ Processing disabled 
1 : two-phase pulse signal 
Timer A3 two-phase pulse processing enabled 
signal processing select bit (Notes 2, 3) 














Timer A4 two-phase pulse 
signal processing select bit 














Note 1: Use MOV instruction to write to this register. 

Note 2: Make sure the port direction bits for the TA2IN to TA4IN and TA20uT to TA4OUT pins are set to 
“0” (input mode). 

Note 3: When not using the two-phase pulse signal processing function, set the bit corresponding to 
timer A2 to timer A4 to “O”. 





Figure 1.14.5. TAO to TA4 Registers, TABSR Register, and UDF Register 
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One-shot start flag 
Symbol Address After reset 
b7 b6 bS b4 b3 b2 bi b0O ONSF 038216 0016 


TAO Timer AO one-shot start flag | The timer starts counting by setting 
a Ti Al hot start fl this bit to “1” while the TMOD1 to 
TMODO bits of TAIMR register (= 
Timer A2 one-shot start flag | 9 to 4) = '102" (= one-shot timer 
mode) and the MR2 bit of TAIMR 
Timer A3 one-shot start flag | register = “0” (=TAiOS bit enabled). 
S When read, its content is “0”. 
Timer A4 one-shot start flag 
O 





Timer AO event/trigger , 
select bit : Input on TAOIN is selected (Note 1 


: TB2 overflow is selected (Note 2) 
: TA4 overflow is selected (Note 2) 
: TA1 overflow is selected (Note 2) 


Note 1: Make sure the PD7_1 bit of PD7 register is set to “O” (= input mode). 
Note 2: Overflow or underflow 


Trigger select register 


b7 b6 b5 b4 b3 b2 b1 bO Symbol Address After reset 
TRGSR 038316 0016 


Bit symbol Bit name Function 
Timer A1 event/trigger 0 
oe select bit oe : Input on TAIN is selected (Note) 
: TB2 is selected 
TAITGH : TAO is selected 
: TA2 is selected 


Timer A2 event/trigger b3 ba 
Teret select bit x“ 0 0: Input on TA2IN is selected (Note) 
01: TB2 is selected 
TA2TGH 10: TA1 is selected 
11: TA is selected 


Timer A3 event/trigger 
TASTGL select bit a9 : Input on TA3IN is selected (Note) 


: TB2 is selected 
TA3TGH : TA2 is selected 
: TA4 is selected 


TA4TGL | Timer A4 event/trigger 


select bit : Input on TA4IN is selected (Note) 


: TB2 is selected 
TA4TGH : TAS is selected 
: TAO is selected 








Note : Make sure the port direction bits for the TA1IN to TA4IN pins are set to “O” (= input mode). 


Clock prescaler reset flag 


Be 100s Doss 08 Barbe: Bi b0 Symbol Address After reset 
CPSRF 038116 OXXXXXXX2 


Bi aymba 


Nothing is assigned. 
When write, set to “0”. When read, their contents are 
(b6-b0) | indeterminate. 


iciececmialaa! 





CPSR Clock prescaler reset flag | Setting this bit to “1” initializes the 
prescaler for the timekeeping clock. ( 
When read, its content is “O”.) 





Figure 1.14.6. ONSF Register, TRGSR Register, and CPSRF Register 
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1. Timer Mode 


In timer mode, the timer counts a count source generated internally (see Table 1.14.1). Figure 1.14.7 
shows TAiMR register in timer mode. 


Table 1.14.1. Specifications in Timer Mode 


Item Specification 


Count source fi, fe, fs, f32, fc32 
Count operation * Down-count 





¢ When the timer underflows, it reloads the reload register contents and continues counting 
Divide ratio 1/(n+1) =n: set value of TAIMR register (i= 0 to 4) 000016 to FFFFi6 
Count start condition Set TAiS bit of TABSR register to “1” (= start counting) 
Count stop condition Set TAiS bit to “0” (= stop counting) 
Interrupt request generation timing | Timer underflow 
TAIIN pin function I/O port or gate input 
TAiOUT pin function I/O port or pulse output 
Read from timer Count value can be read by reading TAi register 
Write to timer ¢ When not counting and until the 1st count source is input after counting start 
Value written to TAi register is written to both reload register and counter 
¢ When counting (after 1st count source input) 
Value written to TAi register is written to only reload register 
(Transferred to counter when reloaded next) 
Select function * Gate function 
Counting can be started and stopped by an input signal to TAIIN pin 
« Pulse output function 
Whenever the timer underflows, the output polarity of TAiOUT pin is inverted. 
When not counting, the pin outputs a low. 
































Timer Ai mode register (i=0 to 4) 


Bz NDE PO 0d 10S) shee bis2b0 Symbol Address After reset 
0 010 TAOMR to TA4MR ~—_— 0396 16 to 039A16 0016 





| [Brembo Bitname 
“7 TMODO __| Operation mode Bie 
wIGDI select bit 0 0: Timer mode 
MRO Pulse output function 0 : Pulse is not output 
select bit (TAiouT pin is a normal port pin) RW 
1: Pulse is output (Note 1) 
(TAioUT pin is a pulse output pin) 


Gate function select bit bebe 
i : . 00:, Gate function not available 
01:/  (TAiIN pin functions as I/O port) 


1 0: Counts while input on the TAiIN pin 


RW 
islow (Note 2) 
1 1: Counts while input on the TAiIN pin | RW 
is high (Note 2) 
Ww 
Ww 


Must be set to “O” in timer mode 
. b7 b6 
Count source select bit 00: ft orf2 





Note 1: TAQOUT pin is N-channel open drain output. 
Note 2: The port direction bit for the TAiIN pin must be set to “O” (= input mode). 





Figure 1.14.7. Timer Ai Mode Register in Timer Mode 
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2. Event Counter Mode 
In event counter mode, the timer counts pulses from an external device or overflows and underflows of 
other timers. Timers A2, A3 and A4 can count two-phase external signals. Table 1.14.2 lists specifica- 
tions in event counter mode (when not processing two-phase pulse signal). Table 1.14.3 lists specifica- 
tions in event counter mode (when processing two-phase pulse signal with the timers A2, A3 and A4). 
Figure 1.14.8 shows TAiMR register in event counter mode (when not processing two-phase pulse sig- 
nal). Figure 1.14.9 shows TA2MR to TA4MR registers in event counter mode (when processing two- 
phase pulse signal with the timers A2, A3 and A4). 


Table 1.14.2. Specifications in Event Counter Mode (when not processing two-phase pulse signal) 


Item Specification 


Count source 


« External signals input to TAiIN pin (i=0 to 4) (effective edge can be selected 
in program) 

¢ Timer B2 overflows or underflows, 
timer Aj (j=i-1, except j=4 if i=0) overflows or underflows, 
timer Ak (k=i+1, except k=0 if i=4) overflows or underflows 





Count operation 


¢ Up-count or down-count can be selected by external signal or program 

« When the timer overflows or underflows, it reloads the reload register con- 
tents and continues counting. When operating in free-running mode, the 
timer continues counting without reloading. 





Divided ratio 


1/ (FFFF16 - n+ 1) for up-count 
1/(n+1)fordown-count 1n:setvalue of TAiregister 000016 to FFFF16 





Count start condition 


Set TAiS bit of TABSR register to “1” (= start counting) 





Count stop condition 


Set TAiS bit to “O” (= stop counting) 





Interrupt request generation timing 


Timer overflow or underflow 





TAIIN pin function 


I/O port or count source input 





TAIOUT pin function 


I/O port, pulse output, or up/down-count select input 





Read from timer 


Count value can be read by reading TAi register 





Write to timer 


¢ When not counting and until the 1st count source is input after counting start 
Value written to TAI register is written to both reload register and counter 
« When counting (after 1st count source input) 
Value written to TAi register is written to only reload register 
(Transferred to counter when reloaded next) 





Select function 





¢ Free-run count function 
Even when the timer overflows or underflows, the reload register content is 
not reloaded to it 

« Pulse output function 
Whenever the timer underflows or underflows, the output polarity of TAioUT 
pin is inverted . When not counting, the pin outputs a low. 








ztENESAS 


Renesas Technology Corp. 


111 


Renesas microcomputers 


M16C /62P Group 
Timers (Timer A) SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Timer Ai mode register (i=0 to 4) 
(When not using two-phase pulse signal processing) 


b7 b6 bS5 b4 b3 b2 b1 b0 


Symbol Address After reset 
en TAOMR to TA4MR 039616 to 039A16 0016 
[Bienes a 


7 | TMODO | | TMODO | Operation mode select bit } °° 


TMOD1 : Event counter mode (Note 1) 


Pulse output function O : Pulse is not output 
select bit (TAiouT pin functions as I/O port) 
1 : Pulse is output (Note 2) 
(TAiouT pin functions as pulse output pin) 


Count polarity us Counts external signal's falling edge 
RW 
a select bit (Note 3) : Counts external signal's rising edge 
Up/down switching . UDF register 
cause select bit : Input signal to TAiouT pin (Note 4) 


| MR3 | Must be set to “O” in event counter mode 


a Count operation type i Reload type 
select bit : Free-run type 


TCK1 Can be “0” or “1” when not using two-phase pulse signal 
processing 


Note 1: During event counter mode, the count source can be selected using the ONSF and TRGSR registers. 

Note 2: TAQOUT pin is N-channel open drain output. 

Note 3: Effective when the TAITGH and TAiTGL bits of ONSF or TRGSR register are ‘002’ (TAIIN pin input). 

Note 4: Count down when input on TAiOUT pin is low or count up when input on that pin is high. The port 
direction bit for TAiOUT pin must be set to “O” (= input mode). 





Figure 1.14.8. TAiMR Register in Event Counter Mode (when not using two-phase pulse signal 
processing) 
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Table 1.14.3. Specifications in Event Counter Mode (when processing two-phase pulse signal with timers A2, A3 and A4) 
Count source ¢ Two-phase pulse signals input to TAiIN or TAIOUT pins (i = 2 to 4) 
Count operation ¢ Up-count or down-count can be selected by two-phase pulse signal 
¢ When the timer overflows or underflows, it reloads the reload register con- 
tents and continues counting. When operating in free-running mode, the 
timer continues counting without reloading. 





SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 








Divide ratio 1/ (FFFF1i6 -n+ 1) for up-count 
1/ (n + 1) for down-count n: set value of TAi register 000016 to FFFF16 





Count start condition Set TAiS bit of TABSR register to “1” (= start counting) 





Count stop condition Set TAiS bit to “0” (= stop counting) 





Interrupt request generation timing | Timer overflow or underflow 





TAIIN pin function Two-phase pulse input 





TAiOUT pin function Two-phase pulse input 





Read from timer Count value can be read by reading timer A2, A3 or A4 register 





Write to timer ¢ When not counting and until the 1st count source is input after counting start 
Value written to TAI register is written to both reload register and counter 
« When counting (after 1st count source input) 
Value written to TAi register is written to reload register 
(Transferred to counter when reloaded next) 





Select function (Note) ¢ Normal processing operation (timer A2 and timer A3) 
The timer counts up rising edges or counts down falling edges on TAjIN pin 
when input signals on TAJOUT pin is “H”. 


TAjOUT | |_| L 
TAIN A A A 


(j=2,3) — Up- Up- Up- Down- Down- Down- 
count count count count count count 
¢ Multiply-by-4 processing operation (timer A3 and timer A4) 
If the phase relationship is such that TAkKIN(k=3, 4) pin goes “H” when the 
input signal on TAKOUT pin is “H”, the timer counts up rising and falling 
edges on TAkOUT and TAKIN pins. If the phase relationship is such that 
TAKIN pin goes “L” when the input signal on TAKOUT pin is “H”, the timer 
counts down rising and falling edges on TAKOUT and TAKIN pins. 


Takout fy dy A yvavay 


—_., ——“’ 
Count up all edges Count down all edges 


TAKIN 


34) hyd ph pd yd y 
Sg 


Count up all edges Count down all edges 
* Counter initialization by Z-phase input (timer A3) 


The timer count value is initialized to 0 by Z-phase input. 


Notes: 
1. Only timer A3 is selectable. Timer A2 is fixed to normal processing operation, and timer A4 is fixed to 


multiply-by-4 processing operation. 
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Timer Ai mode register (i=2 to 4) 
(When using two-phase pulse signal processing) 


b6 b5 b4 b3 b2 bt Symbol Address After reset 


TT Jot fo ofo]s] TA2MR to TA4MR —- 039816 to 039A16 0016 
0 sa sar Pe 


TMODO _| Operation mode select bit |°"*° 
TMOD1 : Event counter mode = 


To use two-phase pulse signal processing, set this bit to “O”. 


To use two-phase pulse signal processing, set this bit to “O”. 


as To use two-phase pulse signal processing, set this bit to “1”. a 


To use two-phase pulse signal processing, set this bit to “O”. 


TCKO Count operation type ae Reload type 
select bit : Free-run type 


Two-phase pulse signal : ; 
processing operation 0: Normal processing operation 
select bit (Note 1)(Note 2) 1 : Multiply-by-4 processing operation 


: TCK1 bit is valid for timer A3 mode register. No matter how this bit is set, timers A2 and A4 always operate in 
normal processing mode and x4 processing mode, respectively. 
Note 2: If two-phase pulse signal processing is desired, following register settings are required: 
* Set the UDF register’s TAIP bit to “1” (two-phase pulse signal processing function enabled). 
* Set the TRGSR register’s TAITGH and TAiTGL bits to ‘002’ (TAIN pin input). 
* Set the port direction bits for TAiIN and TAiouT to “O” (input mode). 





Figure 1.14.9. TA2MR to TA4MR Registers in Event Counter Mode (when using two-phase 
pulse signal processing with timer A2, A3 or A4) 
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¢ Counter Initialization by Two-Phase Pulse Signal Processing 
This function initializes the timer count value to “O” by Z-phase (counter initialization) input during two- 
phase pulse signal processing. 


This function can only be used in timer A3 event counter mode during two-phase pulse signal process- 
ing, free-running type, x4 processing, with Z-phase entered from the INT2 pin. 


Counter initialization by Z-phase input is enabled by writing “000016” to the TA3 register and setting 
the TAZIE bit in ONSF register to “1” (= Z-phase input enabled). 


Counter initialization is accomplished by detecting Z-phase input edge. The active edge can be cho- 
sen to be the rising or falling edge by using the POL bit of INT2IC register. The Z-phase pulse width 
applied to the INT2 pin must be equal to or greater than one clock cycle of the timer A3 count source. 


The counter is initialized at the next count timing after recognizing Z-phase input. Figure 1.14.10 
shows the relationship between the two-phase pulse (A phase and B phase) and the Z phase. 


If timer A3 overflow or underflow coincides with the counter initialization by Z-phase input, a timer A3 
interrupt request is generated twice in succession. Do not use the timer A3 interrupt when using this 
function. 


TAS3OUT 
(A phase) 


TASIN 
(B phase) 


Count source | 


' Input equal to or greater than one clock cycle 
of count source 


Timer AS Km KmetX 1 X 2 X 3 X 4 X § 


Note: This timing diagram is for the case where the POL bit of INT2IC register = “1” (= rising edge). 


INT2 (Note) ! ! 
(Z phase) 





Figure 1.14.10. Two-phase Pulse (A phase and B phase) and the Z Phase 
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3. One-shot Timer Mode 


In one-shot timer mode, the timer is activated only once by one trigger. (See Table 1.14.4.) When the 
trigger occurs, the timer starts up and continues operating for a given period. Figure 1.14.12 shows the 
TAiMR register in one-shot timer mode. 


Table 1.14.4. Specifications in One-shot Timer Mode 


Item 
Count source 


Specification 
fi, f2, fg, f32, fc32 





Count operation 


¢« Down-count 
« When the counter reaches 000016, it stops counting after reloading a new value 
* Ifa trigger occurs when counting, the timer reloads a new count and restarts counting 





Divide ratio 


1/n  n:set value of TAi register 000016 to FFFF16 
However, the counter does not work if the divide-by-n value is set to 000016. 





Count start condition 


TAiS bit of TABSR register = “1” (start counting) and one of the following 
triggers occurs. 
¢ External trigger input from the TAIIN pin 
¢ Timer B2 overflow or underflow, 
timer Aj (j=i-1, except j=4 if i=0) overflow or underflow, 
timer Ak (k=i+1, except k=0 if i=4) overflow or underflow 
* The TAiOS bit of ONSF register is set to “1” (= timer starts) 





Count stop condition 


« When the counter is reloaded after reaching “000016” 
* TAIS bit is set to “0” (= stop counting) 





Interrupt request generation timing 


When the counter reaches “000016” 





TAIIN pin function 


I/O port or trigger input 





TAIOUT pin function 


I/O port or pulse output 





Read from timer 


An indeterminate value is read by reading TAi register 





Write to timer 


«When not counting and until the 1st count source is input after counting start 
Value written to TAi register is written to both reload register and counter 

¢ When counting (after 1st count source input) 
Value written to TAi register is written to only reload register 
(Transferred to counter when reloaded next) 





Select function 








¢ Pulse output function 
The timer outputs a low when not counting and a high when counting. 
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Timer Ai mode register (i=0 to 4) 


Bi BG £05. be: bs: be BI Symbol Address After reset 


rT fer | T (ilo TAOMR toTA4MR —396 16 to 039At6 0016 


TMODO Operation mode select bit 4 Ge 6 ' d 
TMOD1 ne-shot timer mode 


Pulse output function 0: Pulse is not output 
select bit Peace pin functions as I/O port) 
: Pulse is output (Note 1) 
beer pin functions as a pulse output sat 


MR1 External trigger select 0 : Falling edge of input signal to TAiin pin (Note 3) 
bit (Note 2) 1 : Rising edge of input signal to TAiIN pin (Note 3) 


MR2 —_| Trigger select bit 0 : TAIOS bit is enabled 


1 : Selected by TAITGH to TAITGL bits 


MR3 Must be set to “0” in one-shot timer mode RW 


TCKO Count source select bit |°”°° 


00: f1 or f2 


1: fc32 


mee 01: fe 
TCK1 10: fs2 
1 


Note 1: TAQOUT pin is N-channel open drain output. 
Note 2: Effective when the TAiTGH and TAiTGL bits of ONSF or TRGSR register are ‘002’ (TAIIN pin input). 
Note 3: The port direction bit for the TAiIN pin must be set to “O” (= input mode). 





Figure 1.14.12. TAiMR Register in One-shot Timer Mode 
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4. Pulse Width Modulation (PWM) Mode 
In PWM mode, the timer outputs pulses of a given width in succession (see Table 1.14.5). The counter 
functions as either 16-bit pulse width modulator or 8-bit pulse width modulator. Figure 1.14.13 shows 
TAiMR register in pulse width modulation mode. Figures 1.14.14 and 1.14.15 show examples of how a 
16-bit pulse width modulator operates and how an 8-bit pulse width modulator operates. 


Table 1.14.5. Specifications in PWM Mode 


Item 


Specification 





Count source 


f1, f2, fa, f32, fc32 





Count operation 


Down-count (operating as an 8-bit or a 16-bit pulse width modulator) 
The timer reloads a new value at a rising edge of PWM pulse and continues counting 
The timer is not affected by a trigger that occurs during counting 





16-bit PWM 


High level width n/fj n : set value of TAi register (i=o to 4) 
Cycle time (218-1) /fj fixed fj: count source frequency (f1, f2, fg, £32, fc32) 





8-bit PWM 


High level width nx (m+1)/fj n:set value of TAIMR register high-order address 
Cycle time (28-1) x (m+1)/ fj m:set value of TAIMR register low-order address 





Count start condition 


¢ TAiS bit of TABSR register is set to “1” (= start counting) 

« The TAiS bit = 1 and external trigger input from the TAIIN pin 

* The TAiS bit = 1 and one of the following external triggers occurs 
¢ Timer B2 overflow or underflow, 


timer Aj (j=i-1, except j=4 if i=0) overflow or underflow, 
timer Ak (k=i+1, except k=0 if i=4) overflow or underflow 





Count stop condition 


TAiS bit is set to “O” (= stop counting) 





Interrupt request generation timing 


PWM pulse goes “L” 





TAIIN pin function 


I/O port or trigger input 





TAIOUT pin function 


Pulse output 





Read from timer 


An indeterminate value is read by reading TAi register 





Write to timer 





¢ When not counting and until the 1st count source is input after counting start 





Value written to TAi register is written to both reload register and counter 


¢ When counting (after 1st count source input) 


Value written to TAi register is written to only reload register 
(Transferred to counter when reloaded next) 
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Timer Ai mode register (i= 0 to 4) 


b7 b6 bS b4 b3 b2 bil 


Symbol Address After reset 
PTT Idd TAOMR to TA4MR 039616 to 039A16. ~—s«0t6 
Bit symbol 


TMODO __|Operation mode 
' | TMOD1 | select bit PL MoGe (Note 1) 4 


' i Must be set to “1” in PWM mode | RW | 


External trigger select | 0: Falling edge of input signal to TAiIn pin(Note 3) 
bit (Note 2) 1: Rising edge of input signal to TAiin pin(Note 3) 
; Trigger select bit 0 : Write “1” to TAiS bit in the TASF register | Ry 
1 : Selected by TAITGH to TAiTGL bits 
16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator 
select bit 1: Functions as an 8-bit pulse width modulator 


b7 b6 
Count source select bit |oQq-: or f2 
01: 
10: ie 
11: fc32 


Note 1: TAQOUT pin is N-channel open drain output. 
Note 2: Effective when the TAITGH and TAiTGL bits of ONSF or TRGSR register are ‘002’ (TAIIN pin input). 
Note 3: The port direction bit for the TAiIN pin must be set to “O” (= input mode). 





Figure 1.14.13. TAiMR Register in PWM Mode 
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1/fix (2'° 





Count source 


Input signal to 
TAIIN pin 





PWM pulse output 
from TAiOUT pin 


IR bit of TAiIC 
register 


fj : Frequency of count source 
(ft, f2, fa, f32, fc32) 
i=Oto4 
Note 1:n = 000016 to FFFE16. 
Note 2: This timing diagram is for the case where the TAi register is ‘000316,’ the TAiTGH and TAiTGL bits of 
ONSF or TRGSR register = ‘002’ (TAiIN pin input), the MR1 bit of TAIMR register = 1 (rising edge), and 
the MR2 bit of TAiMR register = 1 (trigger selected by TAITGH and TAITGL bits). 


Set to “O” upon accepting an interrupt request or by writing in program 





Figure 1.14.14. Example of 16-bit Pulse Width Modulator Operation 


1/4 X (m+ 1) X (2° -1) 





Count source (Note1) 


Input signal to 
TAIIN pin 


Underflow signal of 
8-bit prescaler (Note2) « » 


PWM pulse output 
from TAiOUT pin 


IR bit of TAiIC 
register 


fj : Frequency of count source 
(fi, f2, fs, f32, fo32) Set to “O” upon accepting an interrupt request or by writing in program 
i=Oto4 


Note 1: The 8-bit prescaler counts the count source. 

Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal. 

Note 3: m = 0016 to FF16; n = 0016 to FEi6. 

Note 4: This timing diagram is for the case where the TAi register is ‘020216,’ the TAiTGH and TAiTGL bits of ONSF or 
TRGSR register = ‘002’ (TAIIN pin input), the MR1 bit of TAIMR register = 0 (falling edge), and the MR2 bit of 
TAiMR register = 1 (trigger selected by TAiITGH and TAiTGL bits). 





Figure 1.14.15. Example of 8-bit Pulse Width Modulator Operation 
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Timer B 
Figure 1.15.1 shows a block diagram of the timer B. Figures 1.15.2 and 1.15.3 show registers related to the 
timer B. 


Timer B supports the following three modes. Use the TMOD1 and TMOD0 bits of TBiMR register (i = 0 to 5) 
to select the desired mode. 
¢ Timer mode: The timer counts an internal count source. 
« Event counter mode: The timer counts pulses from an external device or overflows or underflows of 
other timers. 
« Pulse period/pulse width measuring mode: The timer measures an external signal's pulse period or 
pulse width. 


Data bus high-order bits 


| 


: Data bus low-order bits 
Clock source selection 
Timer | ff Low-order 8 bits LI | High-order 8 bits 
f1 or f2 —__o . 


« Pulse period measuremnet, Reload register 
pulse width measurement 
O 


TBiIN 
(i = 0 to 5) 


Can be selected in only 
event counter mode 
TBi Address TBj 

TBj overflow (Note) ————O Timer BO 039116-039016 Timer B2 
(j=i-1, except j = 2 ifi=0,j=5ifi=3) Timer B1 039316-039216 Timer BO 
Timer B2 039516-039416 Timer B1 
Timer B3 035116-035016 Timer BS 
Timer B4 035316-035216 Timer B3 


pole sle iowa terion: Timer BS 035516035416 Timer B4 





Figure 1.15.1. Timer B Block Diagram 


Timer Bi mode register (i=0 to 5) 


Symbol Address After reset 
TBOMR to TB2MR = 039Bi6 to 039D16 00XX00002 
TB3MR to TB5MR = 035Bi6 to 035D16 + 00XX00002 


Bit symbol AW 


TMODO Operation mode select bit : Timer mode 


: Event counter mode 
™ : Pulse period measurement mode, 
pulse width measurement mode 
: Must not be set 


b7 b6 bS b4 b3 b2 bi b0 


OD1 
MRO 
MR1 mode 
MR2 


Function varies with each operation 


MR3 


TCKO Count source select bit Function varies with each operation 
TCK1 mode 


Note 1: Timer BO, timer B3. 
Note 2: Timer B1, timer B2, timer B4, timer B5. 





Figure 1.15.2. TBOMR to TB5MR Registers 
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Timer Bi register (i=0 to 5)(Note 1) Symbol Address After reset 
TBO 039116, 039016 Indeterminate 
(b8) TB1 039316, 039216 Indeterminate 
bobs eo TB2 039516, 039416 Indeterminate 
ae | TB3 035116, 035016 Indeterminate 
TB4 035316, 035216 Indeterminate 


TB5 035516, 035416 Indeterminate 





Mode Function Setting range 





Timer mode Divide the count source by n + 1 000016 to FFFF16 
where n = set value 


Event counter Divide the count source by n + 1 000016 to FFFF16 | pw 
mode where n = set value (Note 2) 
Pulse period Measures a pulse period or width 
modulation mode, 
Pulse width 
modulation mode 


Note 1: The register must be accessed in 16 bit units. 
Note 2: The timer counts pulses from an external device or overflows or underflows of other timers. 





Count start flag 


b7 b6 bS b4 b3 b2 bt Symbol Address After reset 
TABSR 038016 0016 








= 


Bit symbol Bit name Function 


TAOS Timer AO count start flag 0 : Stops counting 
TMS Timer A1 count start flag 1: Starts counting 


| TA2S | Timer A2 count start | Timer A2 count start flag _ | 


ae a AS count start flag 
TA4S Timer A4 count start flag 





| TBOS | Timer BO count start | Timer BO count start flag _ | 


— Se B1 count start flag 
TB2S Timer B2 count start flag 


Timer B3, B4, B5 count start flag 


b7 b6 bS b4 b3 b2 bt bo Symbol Address After reset 
TBSR 034016 OOOXXXXX2 





Nothing is assigned. When write, set to “O”. When read, their 
contents are indeterminate. 


TB3S Timer B3 count start flag 0 : Stops counting 
1: Starts counting 

TB4S Timer B4 count start flag 

TB5S Timer B5 count start flag 


Clock prescaler reset flag 


b7 b6 bS b4 b3 b2 b1 bO Symbol Address After reset 
CPSRF 038116 OXXXXXXX2 


Nothing is assigned. When write, set to “O”. When read, their 
contents are indeterminate. 


Clock prescaler reset flag] Setting this bit to “1” initializes the 
prescaler for the timekeeping clock. 
(When read, the value of this bit is “O”.) 





Figure 1.15.3. TBO to TB5 Registers, TABSR Register, TBSR Register, CPSRF Register 
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1. Timer Mode 
In timer mode, the timer counts a count source generated internally (see Table 1.15.1). Figure 1.15.4 
shows TBiMR register in timer mode. 


Table 1.15.1. Specifications in Timer Mode 
Specification 


Count source f1, f2, fs, fa2, fc32 

Count operation ¢« Down-count 

« When the timer underflows, it reloads the reload register contents and 
continues counting 

Divide ratio 1/(n+1) n: set value of TBiMR register (i= 0 to 5) 000016 to FFFF16 

Count start condition Set TBS bit(Note) to “1” (= start counting) 

Count stop condition Set TBiS bit to “O” (= stop counting) 

















Interrupt request generation timing | Timer underflow 
TBIIN pin function I/O port 
Read from timer Count value can be read by reading TBi register 
Write to timer ¢ When not counting and until the 1st count source is input after counting start 
Value written to TBi register is written to both reload register and counter 
¢ When counting (after 1st count source input) 
Value written to TBi register is written to only reload register 
(Transferred to counter when reloaded next) 
Note : The TBOS to TB2S bits are assigned to the TABSR register bit 5 to bit 7, and the TB3S to TB5S 
bits are assigned to the TBSR register bit 5 to bit 7. 

















Timer Bi mode register (i= 0 to 5) 
b7 b6 b5 b4 b3 b2 bt b0 Symbol Address After reset 
| | | { ] |} fofo TBOMR to TB2MR_ = 03916 to 039D16 00XX00002 
TB3MR to TB5MR = O35Bi6 to 035D16 00XX00002 


TT D . . b1 bO 
ODO Operation mode select bit 00: Timer mode 
TMOD1 


M Has no effect in timer mode 


RO in ti 
Can be set to “O” or “1” 
MR2 TBOMR, TB3MR registers 
Must be set to “O” in timer mode 
TB1MR, TB2MR, TB4MR, TB5MR registers 
Nothing is assigned. When write, set to “O”. When read, its 
content is indeterminate 


When write in timer mode, set to “0”. When read in timer mode, its 
content is indeterminate. 


b7 b6 
00: fi or f2 
01: fs 
10: fs2 
11: fc32 


Count source select bit 





Figure 1.15.4. TBiMR Register in Timer Mode 
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2. Event Counter Mode 


In event counter mode, the timer counts pulses from an external device or overflows and underflows of 
other timers (see Table 1.15.2) . Figure 1.15.5 shows TBiMR register in event counter mode. 


Table 1.15.2. Specifications in Event Counter Mode 





Item Specification 
Count source ¢ External signals input to TBiIN pin (i=0 to 5) (effective edge can be selected 
in program) 
¢ Timer Bj overflow or underflow (j=i-1, except j=2 if i=0, j=5 if i=3) 
Count operation ¢ Down-count 


* When the timer underflows, it reloads the reload register contents and 
continues counting 























Divide ratio 1/(n+1) n: set value of TBi register 000016 to FFFF16 

Count start condition Set TBiS bit! to “1” (= start counting) 

Count stop condition Set TBiS bit to “0” (= stop counting) 

Interrupt request generation timing | Timer underflow 

TBIIN pin function Count source input 

Read from timer Count value can be read by reading TBi register 

Write to timer ¢ When not counting and until the 1st count source is input after counting start 


Value written to TBi register is written to both reload register and counter 
¢ When counting (after 1st count source input) 

Value written to TBi register is written to only reload register 

(Transferred to counter when reloaded next) 








Notes: 
1. The TBOS to TB2S bits are assigned to the TABSR register bit 5 to bit 7, and the TB3S to TB5S bits 
are assigned to the TBSR register bit 5 to bit 7. 


Timer Bi mode register (i=0 to 5) 


b7 b6 b5 b4 b3 b2 bt bd Symbol Address After reset 
PT TT Ty ops TBOMR to TB2MR_ = 039Bi6 to 039D16 00XxX00002 
TB3MR to TBSMR_~=——035Bi6 to 035D16 00XX00002 

Pd dE £4) | [eiteymber 


' RW 
: * TMODO Operation mode select bit A os en j RW 
... TMOD1 : Event counter mode RW 
RW 


Count polarity select : 
bit (Note 1) : 0 0 : Counts external signal's 
falling edges 


: Counts external signal's 


MRO 
rising edges 
MR1 : Counts external signal's 
falling and rising edges 
: Must not be set 
MR2 
R3 


TBOMR, TB3MR registers 
Must be set to “O” in timer mode 
TB1MR, TB2MR, TB4MR, TB5MR registers 
Nothing is assigned. When write, set to “O”. When read, its 
content is indeterminate. 

M When write in event counter mode, set to “O”. When read in event 
counter mode, its content is indeterminate. 


TCKO Has no effect in event counter mode. 
Can be set to “O” or “1”. 


TCK1 Event clock select 0: Input from TBiIN pin (Note 2) 
1 : TBj overflow or underflow 

(j=i-1, except j = 2 ifi=0, 

j=5ifi=3) 


Note 1: Effective when the TCK1 bit = “O” (input from TBiIN pin). If the TCK1 bit = “1” (TBj overflow or underflow), these 
bits can be set to “O” or “1”. 
Note 2: The port direction bit for the TBiIN pin must be set to “O” (= input mode). 











Figure 1.15.5. TBiMR Register in Event Counter Mode 
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3. Pulse Period and Pulse Width Measurement Mode 
In pulse period and pulse width measurement mode, the timer measures pulse period or pulse width of an 
external signal (see Table 1.15.3). Figure 1.15.6 shows TBiMR register in pulse period and pulse width 
measurement mode. Figure 1.15.7 shows the operation timing when measuring a pulse period. Figure 
1.15.8 shows the operation timing when measuring a pulse width. 


Table 1.15.3. Specifications in Pulse Period and Pulse Width Measurement Mode 





Item Specification 
Count source f1, f2, f8, f32, fo32 
Count operation ¢ Up-count 


* Counter value is transferred to reload register at an effective edge of mea- 
surement pulse. The counter value is set to “000016” to continue counting. 

Count start condition Set TBiS (i=0 to 5) bit? to “1” (= start counting) 

Count stop condition Set TBiS bit to “O” (= stop counting) 

Interrupt request generation timing) « When an effective edge of measurement pulse is input! 

* Timer overflow. When an overflow occurs, MR bit of TBiMR register is set 
to “1” (overflowed) simultaneously. MR3 bit is cleared to “O” (no overflow) by 
writing to TBiIMR register at the next count timing or later after MR3 bit was 
set to “1”. At this time, make sure TBiS bit is set to “1” (start counting). 


























TBIIN pin function Measurement pulse input 

Read from timer Contents of the reload register (measurement result) can be read by reading TBi register? 

Write to timer Value written to TBi register is written to neither reload register nor counter 
Notes: 


1. Interrupt request is not generated when the first effective edge is input after the timer started counting. 

2. Value read from TBi register is indeterminate until the second valid edge Is input after the timer starts counting. 

3. The TBOS to TB2S bits are assigned to the TABSR register bit 5 to bit 7, and the TB3S to TB5S bits are assigned 
to the TBSR register bit 5 to bit 7. 


Timer Bi mode register (i=0 to 5) 


b7 b6 b5 _b4 b3 b2 bi _bO Symbol Address After reset 
1/0 TBOMR to TB2MR ——039B16 to O39D16 00XX00002 
TB3MR to TB5MR ~=——035B16 to 035D16 00XX00002 


: [Bitsymbol | Bit name 


Operation mode 1 0: Pullse panied (pulsewidth 
select bit . P p 


measurement mode 




















b3 b2. 

00: Pulse period measurement 
(Measurement between a falling edge and the 
next falling edge of measured pulse) 

01 : Pulse period measurement 
(Measurement between a rising edge and the next 
rising edge of measured pulse) 

10: Pulse width measurement 
(Measurement between a falling edge and the 
next rising edge of measured pulse and between 
arising edge and the next falling edge) 

11: Must not be set. 

TBOMR and TB3MR registers 

Must be set to “O” in pulse period and pulse width measurement mode 

TB1MR, TB2MR, TB4MR, TB5MR registers 

Nothing is assigned. When write, set to “0”. When read, its content turns out to be 

indeterminate. 

Timer Bi overflow 0: Timer did not overflow 

flag ( Note) 1: Timer has overflowed 


Measurement mode 
select bit 





b7 b6 
00: ft or fe 
01: fs 
10: f32 
11: fc32 


Count source 
select bit 














Note: This flag is indeterminate after reset. When the TBiS bit = 1 (start counting), the MR3 bit is cleared to “0” (no overflow) by writing 
to the TBiMR register at the next count timing or later after the MR3 bit was set to “1” (overflowed). The MR3 bit cannot be set to 
“{" in a program. The TBOS to TB2S bits are assigned to the TABSR register's bit 5 to bit 7, and the TB3S to TBSS bits are 
assigned to the TBSR register's bit 5 to bit 7. 





Figure 1.15.6. TBiMR Register in Pulse Period and Pulse Width Measurement Mode 
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Count source 


Measurement pulse 


Timing at which counter 
reaches “000016” 


TBiS bit 


TBilC register's 
IR bit 


Set to “O” upon accepting an interrupt request or by writing in 


aan rogram 
TBiMR register's ee 


MR3 bit 


The TBOS to TB2S bits are assigned to the TABSR register's bit 5 to bit 7, and the TB3S to TB5S bits 
are assigned to the TBSR register's bit 5 to bit 7. 
i=Oto5 
Note 1: Counter is initialized at completion of measurement. 
Note 2: Timer has overflowed. 
Note 3: This timing diagram is for the case where the TBiMR register's MR1 to MRO bits are “002” (measure the interval 
from falling edge to falling edge of the measurement pulse). 





Figure 1.15.7. Operation timing when measuring a pulse period 


Count source 


Measurement pulse 


Transfer Transfer “ot Transfer | Transfer 
\ aaa os (measured value) hipaa iw (measured value) 
Fes f 1A value) f 


Reload register « counter 
transfer timing = 
A (Note 1) patient LA Wote 1) (Note 1) 


Timing at which counter 
reaches “000016” 


TBiS bit 


TBiIC register's 
IR bit 


Set to “O” upon accepting an interrupt request or by 
“4” writing in program 
TBiMR register's “9” 
MR3 bit 


The TBOS to TB2S bits are assigned to the TABSR register's bit 5 to bit 7, and the TB3S to TB5S bits 
are assigned to the TBSR register's bit 5 to bit 7. 


i=Oto5S 


Note 1: Counter is initialized at completion of measurement. 

Note 2: Timer has overflowed. 

Note 3: This timing diagram is for the case where the TBiMR register's MR1 to MRO bits are “102” (measure the interval 
from a falling edge to the next rising edge and the interval from a rising edge to the next falling edge of the 
measurement pulse). 





Figure 1.15.8. Operation timing when measuring a pulse width 
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Three-phase Motor Control Timer Function 
Timers A1, A2, A4 and B2 can be used to output three-phase motor drive waveforms. Table 1.16.1 lists the 
specifications of the three-phase motor control timer function. Figure 1.16.1 shows the block diagram for 
three-phase motor control timer function. Also, the related registers are shown on Figure 1.16.2 to Figure 
1.16.7. 
Table 1.16.1. Three-phase Motor Control Timer FunctionS Specifications 


tem 
Three-phase waveform output pin Six pins (U, U, V, V, W, W 


Forced cutoff input Input “L” to NMI pin 
Used Timers Timer A4, A1, A2 (used in the one-shot timer mode) 
Timer A4: U- and U-phase waveform control 
Timer A1: V- and V-phase waveform control 
Timer A2: W- and W-phase waveform control 
Timer B2 (used in the timer mode) 
Carrier wave cycle control 
Dead timer timer (3 eight-bit timer and shared reload register) 
Dead time control 
Output waveform Triangular wave modulation, Sawtooth wave modification 
Enable to output “H” or “L” for one cycle 
Enable to set positive-phase level and negative-phase 
level respectively 
Carrier wave cycle Triangular wave modulation: count source x (m+1) x 2 
Sawtooth wave modulation: count source x (m+1) 
m: Setting value of TB2 register, 0 to 65535 
Count source: f1, f2, f8, f32, fc32 
Three-phase PWM output width Triangular wave modulation: count source x n x 2 
Sawtooth wave modulation: count source x n 
n: Setting value of TA4, TA1 and TA2 register (of TA4, 
TA41, TA1, TA11, TA2 and TA21 registers when setting 
the INV11 bit to “1”), 1 to 65535 
Count source: f1, f2, f8, f32, fc32 
Dead time Count source x p, or no dead time 
p: Setting value of DTT register, 1 to 255 
Count source: f1, f2, f1 divided by 2, f2 divided by 2 
Positive and negative-phase concurrent Positive and negative-phases concurrent active disable 
function 
Positive and negative-phases concurrent active detect func 
tion 
Interrupt frequency For Timer B2 interrupt, select a carrier wave cycle-to-cycle 
basis through 15 times carrier wave cycle-to-cycle basis 


active disable function 





Notes: 

1. Forced cutoff with NMI input is effective when the IVPCR1 bit of TB2SC register is set to “1” (three-phase 
output forcible cutoff by NMI input enabled). If an “L” signal is applied to the NMI pin when the IVPCR1 bit 
is “1”, the related pins go to a high-impedance state regardless of which functions of those pins are being 
used. 

Related pins P72/CLK2/TA10UT/V 

P73/CTS2/RTS2/TA1IN/V 
P74/TA20UT/W 
P75/TA2IN/W 
P80/TA40uT/U 
P81/TA4IN/U 
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Timer B2 underflow 


Signal to be 
written to 
timer B2 


INV10 | > 


(Timer mode) 


Timer Ai(i = 1, 2, 4) start trigger signal 


Timer A4 reload control signal 


TA4 register TA41 register 





Set to 0 when TA4S bit= 0 


Set to 0 when TA2S bit= 0 





ICTB2 register 


Interrupt occurrence set circuit 
Dy 
hie ICTB2 counter 
o n=1to15 


Reload register 
=1 to 255 


Timer B2 
interrupt request bit 


Reverse 
Dead time timer control 
n=1 to 255 


U phase output 
control circuit 


; DU1 DUO 
Transfer trigger t bi 
(Note 1) 


Three-phase output 
shift register 
(U phase) 


Reverse 
control 


Reverse > 


Dead time timer control 


n=1 to 255 


ae = 
gna > > 


° control 


V phase output 
control circuit 


er 


Reverse 
control L> 


Wphase output signal q 
| wehase output signet | output signal Reverse —— 
>° = D 72 control [—L> O w 
T 


Diagram for switching to P80, P81 and P72 - P75 is not shown. 


W phase output 
control circuit 


Note : If the INVO06 bit = 0 (triangular wave modulation mode), a transfer trigger is generated at only the first occurrence of a timer B2 underflow after writing to the IDBO and IDB1 registers. 
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Three-phase PWM control register 0 (Note 1) 


b7 b6 b5 b4 b3 b2 bi bd 
Symbol Address After reset 


INVCO 034816 0016 


Effective interrupt output 0: ICTB2 counter incremented by 1 at 
INVOO polarity select bit odd-numbered occurrences of a timer 
B2 underflow RW 
: ICTB2 counter incremented by 1 at 
even-numbered occurrences of a timer 
B2 underflow 
Effective interrupt output : ICTB2 counter incremented by 1 ata 
INVO1 specification bit timer B2 underflow 
(Note 2, Note 3)! 1: Selected by INVOO bit 
Mode select bit (Note 4)} 0: Three-phase motor control timer 
INVO2 function unused ( 
: Three-phase motor control timer 
function 
Output control bit (Note 6)| 0: Three-phase motor control timer output 
INVO3 disabled (Note 5) 
: Three-phase motor control timer output 
enabled 


Positive and negative : Simultaneous active output enabled 
INVO4 phases concurrent output : Simultaneous active output disabled 
disable bit 


Positive and negative : Not detected yet 

INVOS phases concurrent output : Already detected 
detect flag 

INVO6 Modulation mode select 0: Triangular wave modulation mode 
bit (Note 8) 1: Sawtooth wave modulation mode 


Software trigger select bit | Setting this bit to “1” generates a transfer 
trigger. If the INVO6 bit is “1”, a trigger for 
the dead time timer is also generated. 
The value of this bit when read is “0”. 





Write to this register after setting the PRC1 bit of PRCR register to “1” (write enable). Note also that INVOO to INVO2, 
INV04 and INV06 bits can only be rewritten when timers A1, A2, A4 and B2 are idle. 
If this bit needs to be set to “1”, set any value in the ICTB2 register before writing to it. 
Effective when the INV11 bit is “1” (three-phase mode 1). If INV11 is “O” (three-phase mode 0), the ICTB2 counter is 
incremented by “1” each time the timer B2 underflows, regardless of whether the INVOO and INV01 bits are set. 
Setting the INVO2 bit to “1” activates the dead time timer, U/V/W-phase output control circuits and ICTB2 counter. 
All of the U, U, V, V, W and’W pins are placed in the high-impedance state by setting the INV02 bit to 1 (three-phase 
motor control timer function) and setting the INVO03 bit to “O” (three-phase motor control timer output disable). 
The INVO3 bit is set to “O” in the following cases: 

* When reset 

+ When positive and negative go active simultaneously while INV04 bit is “1” 

« When set to “O” in a program 

« When input on the NMI pin changes state from “H” to “L” (The INVO3 bit cannot be set to “1” when NMT input is 

SLs) 

Can only be set by writing “O” in a program, and cannot be set to “1”. 
The effects of the INV06 bit are described in the table below. 


INVOB=0 INVOE= 


Mode Triangular wave modulation mode Sawtooth wave modulation mode 


Timing at which transferred from IDBO to Transferred only once synchronously __| Transferred every transfer trigger 
IDB1 registers to three-phase output shift with the transfer trigger after writing to 
register the IDBO to IDB1 registers 








Timing at which dead time timer trigger is Synchronous with the falling edge of Synchronous with the transfer 
generated when INV16 bit is “0” timer A1, A2, or A4 one-shot pulse trigger and the falling edge of timer 
A1, A2, or A4 one-shot pulse 
INV13 bit Effective when INV11 is “1” and INVO6 | Has no effect 
is “O” 
Transfer trigger: Timer B2 underflow, write to the INVO7 bit or write to the TB2 register when INV10 is “1” 


Note 9: If the INVO6 bit is “1”, set the INV11 bit to “O” (three-phase mode 0) and set the PWCON bit to “O” (timer B2 
reloaded by a timer B2 underflow). 








Figure 1.16.2. INVCO Register 
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Three-phase PWM control register 1 (Note 1) 
b7 b6 b5 b4 b3 b2 bi b0 


oT ELIT EL | ‘iver “tis O08 


Timer A1, A2, A4 start 0: Timer B2 underflow 
! trigger signal select bit 1: Timer B2 underflow and write to the 
i TB2 register 


Timer A1-1, A2-1, A4-1 0: Three-phase mode 0 
ae control bit (Note 2)| 1: Three-phase mode 1 (Note 3) 
INV12 Dead time timer count : ft or f2 

source select bit : f1 divided by 2 or f2 divided by 2 


Carrier wave detect flag 0: Timer A output at even-numbered occ- 
(Note 4) urrences (TA11, TA21, TA41 register 
value counted) 
: Timer A output at odd-numbered occ- 
urrences (TA1, TA2, TA4 register 
value counted) 


ne Output waveform “L” active 
INV14 Output polarity control bit : Output waveform “H” active = 
INV15 0: Dead time timer enabled 
| ns | iid aaa, 1: Dead time timer disabled 


Dead time timer trigger 0: Falling edge of timer A4, A1 or A2 
select bit one-shot pulse 
1: Rising edge of three-phase output shift 
register (U, V or W phase) output 


(Note 5) 


Note 1: Write to this register after setting the PRC1 bit of PRCR register to “1” (write enable). Note also that this 
register can only be rewritten when timers A1, A2, A4 and B2 are idle. 
Note 2: The effects of the INV11 bit are described in the table below. 


INVOO bit, INVO1 bit Has no effect. |CTB2 counted every time | Effect 
ae B2 rage Lehre OF 
INV13 bit Hasn0 effect. Effective when INV11 bit is “1” and 
INVO6 bit is “O” 


Note 3: If the INV06 bit is “1” (sawtooth wave modulation mode), set this bit to “O” (three-phase mode 0). Also, if the 
INV11 bit is “O”, set the PWCON bit to “0” (timer B2 Sei by a timer a underflow). 
Note 4: The INV13 bit is effective only when the INVO6 bit is “O” (triangular wave modulation mode) and the INV11 bit 
is “1” (three-phase mode 1). 
Note 5: If all of the following conditions hold true, set the INV16 bit to “1” (dead time timer triggered by the rising edge 
of three-phase output shift register output) 
* The INV15 bit is “O” (dead time timer enabled) 
* When the INVO3 bit is set to “1” (three-phase motor control timer output enabled), the Dij bit and DiBj bit (i:U, 
V, or W, j: 0 to 1) have always different values (the positive-phase and negative-phase always output 
different levels during the period other than dead time). 
Conversely, if either one of the above conditions holds false, set the INV16 bit to “O” (dead time timer triggered 





Figure 1.16.3. INVC1 Register 
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Three-phase output buffer register i (i=0, 1) (Note) 


be b6 bd bd pS b2 bt bo Symbol Address After reset 


IDBO 034A16 0016 
IDB1 034B16 0016 


ea] U phase output buffer i Write the output level | AW 
0: Active level 
U phase output buffer i 1: Inactive level 
| Dv V phase output bufferi | When read, these bits show the 
= three-phase output shift register 
V phase output buffer i value. 
W phase output buffer i | Rw 
W phase output buffer i | RW 


Nothing is assigned. When write, set to “0”. When read, its 
content is “O”. 


: The IDBO and IDB1 register values are transferred to the three-phase shift register by a transfer trigger. The 
value written to the IDBO register after a transfer trigger generates the output signal of each phase, and the 
next value written to the IDB1 register at the falling edge of the timer A1, A2 or A4 one-shot pulse represents 
the output signal of each phase. 


Dead time timer (Note 1, Note 2) 


b7 bo 


Symbol Address After reset 
DTT 034C16 Indeterminate 


ena: 


Assuming the set value = n, upon a start trigger the 1 to 255 

timer starts counting the count source selected by 

the INV12 bit and stops after counting it n times. The WO 
positive or negative phase whichever is going from 

an inactive to an active level changes at the same 

time the dead time timer stops. 


Note 1: Use MOV instruction to write to this register. 
Note 2: Effective when the INV15 bit is “O” (dead time timer enable). If the INV15 bit is “1”, the dead time timer is 
disabled and has no effect. 





Figure 1.16.4. IDBO Register, IDB1Register, and DTT Register 
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Timer B2 interrupt occurrences frequency set counter 
b3 bo 





Symbol Address After reset 
ICTB2 034D16 Indeterminate 





Function Setting range 


If the INVO1 bit is “O” (ICTB2 counter counted every 
time timer B2 underflows), assuming the set value 
=n, a timer B2 interrupt is generated at every n’th 
occurrence of a timer B2 underflow. 

If the INVO1 bit is “1” (ICTB2 counter count timing 
selected by the INVOO bit), assuming the set value 
=n, a timer B2 interrupt is generated at every n’th 
occurrence of a timer B2 underflow that meets the 
condition selected by the INVO0 bit. (Note) 


Nothing is assigned. When write, set to “0”. When read, its content is 
indeterminate. 





Note : Use MOV instruction to write to this register. 
If the INVO1 bit = “1”, make sure the TB2S bit also = “O” (timer B2 count stopped) when writing to this register. 
If the INVO1 bit = “O”, although this register can be written even when the TB2S bit = “1” (timer B2 count start), 
do not write synchronously with a timer B2 underflow. 


Timer Ai, Ai-1 register (i=1, 2, 4) (Note 1, Note 2, Note 3, Note 4, Note 5, Note 6) 


Symbol Address After reset 
TA1 038916-038816 Indeterminate 
TA2 038B16-038A16 Indeterminate 
TA4 038F16-038E16 Indeterminate 
TA11 034316-034216 Indeterminate 
TA21 034516-034416 Indeterminate 
TA41 034716-034616 Indeterminate 





Function Setting range 





Assuming the set value = n, upon a start trigger the timer | 000016 to FFFF16 
starts counting the count source and stops after counting 
it n times. The positive and negative phases change at 
the same time timer A, A2 or A4 stops. 





The register must be accessed in 16 bit units. 

When the timer Ai register is set to “000016”, the counter does not operate and a timer Ai interrupt does 
not occur. 

Use MOV instruction to write to these registers. 

If the INV15 bit is “O” (dead time timer enable), the positive or negative phase whichever is going from an 
inactive to an active level changes at the same time the dead time timer stops. 

If the INV11 bit is “O” (three-phase mode 0), the TAi register value is transferred to the reload register by 
a timer Ai (i = 1, 2 or 4) start trigger. 

If the INV11 bit is “1” (three-phase mode 1), the TAi1 register value is transferred to the reload register 
by a timer Ai start trigger first and then the TAi register value is transferred to the reload register by the 
next timer Ai start trigger. Thereafter, the TAi1 register and TAi register values are transferred to the 
reload register alternately. 

Do not write to these registers synchronously with a timer B2 underflow. 

Write to the TAi1 register as follows: 

(1) Write a value to the TAi1 register. 

(2) Wait for one cycle of timer Ai count source. 

(3) Write the same value to the TAi1 register again. 


Timer B2 special mode register 


b7 b6 bS b4 b3 b2 bi bO 





Symbol Address After reset 
TB2SC 039E16 XXXXXX002 





Bit symbol Bit name Function 


PWCOM | Timer B2 reload timing | 0: Timer B2 underflow 
switching bit 1: Timer A output at odd-numbered 
occurrences (Note 2) 





IVPCR1_ | Three phase output port | 0 : Three-phase output forcible cutoff 
NMI control bit 1 by NMI input (high impedance) 
(Note 3) disabled 
: Three-phase output forcible cutoff 
by NMI input (high impedance) 
enabled 
Nothing is assigned. 
When write, set to “0”. When read, its content is “0”. 














Write to this register after setting the PRC1 bit of PRCR register to “1” (write enable). 

Note 2: If the INV11 bit is “O” (three-phase mode 0) or the INVO6 bit is “1” (triangular wave modulation mode), set 
this bit to “O” (timer B2 underflow). 3 = 

Note 3: Related pins are U(P80), U(P81), V(P72), V(P73), W(P74) and W(P75). If a low-level signal is applied to 
the NMI pin when the IVPCA1 bit = 1, the target pins go to a high-impedance state regardless of which 
functions of those pins are being used. After forced interrupt (cutoff), input “H” to the NMI pin and set 
IVPCR1 bit to “0”: this forced cutoff will be reset. 





Figure 1.16.5. ICTB2 Register, TA1, TA2, TA4, TA11, TA21 and TA41 Registers, and TB2SC Registers 
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Timer B2 register (Note ) Pisce Mies 
(py) (8) bz a 039516-039416 Indeterminate 


“""""7 Divide the count source by n + 1 where n = set value. 000016 to FFFF16 
Timer A1, A2 and A4 are started at every occurrence of 
underflow. 


Note : The register must be accessed in 16 bit units. 


Trigger select register 


b7 b6 b5 b4 b3 b2 b1 
bo Symbol Address After reset 


TRGSR 038316 0016 


Bit symbol 


TAITGL Timer A1 event/trigger | To use the V-phase output control 
select bit circuit, set these bits to “O12”(TB2 


underflow). 
TA1TGH 


TA2TGL | Timer A2 event/trigger | To use the W-phase output control 
select bit circuit, set these bits to “012"(TB2 


underflow). 
TA2TGH 


TA3TGL Timer A3 event/trigger ‘ : 
select bit : Input on TAIN is selected (Note 1) 


: TB2 overflow is selected (Note 2) 
TA3TGH : TA2 overflow is selected (Note 2) 
: TA4 overflow is selected (Note 2) 


TA4TGL Timer A4 event/trigger | To use the U-phase output control 
select bit circuit, set these bits to “012”(TB2 


underflow). 
TA4TGH 


Note 1: Set the corresponding port direction bit to “O” (input mode). 
Note 2: Overflow or underflow. 


Count start flag 
b7_b6 b5 b4 b3 b2 bt b0 Symbol Address After reset 
TABSR 038016 0016 


TB2S Timer B2 count start flag 





Figure 1.16.6. TB2 Register, TRGSR Register, and TABSR Register 
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Timer Ai mode register 
b7 b6 b5 b4 b3 b2 b1 bO Address After reset 


LL folst | fs Jo] 09961 O0%e 
039A16 0016 
Bit symbol Bit name Function RW 


TMODO __| Operation mode Must set to “102” (one-shot timer mode) for | RW 
TMOD1 select bit the three-phase motor control timer function 


Pulse output function Must set to “O” for the three-phase motor 
select bit control timer function 

External trigger select Has no effect for the three-phase motor 
bit control timer function 


Trigger select bit Must set to “1” (selected by TRGSR register) 
for the three- ae motor control timer 
function 


Must set to “O” for the three-phase motor control timer function 


2 b7 b6 
Count source select bit 00:frorfe 


01: fs 
10: fs2 
1: fc32 


Timer B2 mode register 
A til ea ee Address After reset 


| | {fol | Jolol ea 039D16 00XX00002 
Bit symbol 


TMODO Operation mode select bit | Set to “002” (timer mode) for the three- 
TMOD1 phase motor control timer function 


Has no effect for the three-phase motor control timer function. 
MR1 When write, set to “0”. When read, its content is indeterminate. 


MR2 Must set to “O” for the three-phase motor control timer function 


MR3 When write in three-phase motor control timer function, write “O”. 
When read, its content is indeterminate. 


| 7 b7 b6 
TCKO Count source select bit Guo tore 
01: fs 


10: fs2 
11: fc32 





Figure 1.16.7. TA1MR, TA2MR, TA4MR, and TB2MR Registers 
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The three-phase motor control timer function is enabled by setting the INVO2 bit of INVCO register to “1”. 
When this function is on, timer B2 is used to control the carrier wave, and timers A4, A1 and A2 are used 
to control three-phase PWM outputs (U, U, V, V, W and W). The dead time is controlled by a dedicated 
dead time timer. Figure 1.16.8 shows the example of triangular modulation waveform and Figure 1.16.9 
shows the example of sawtooth modulation waveform. 


Carrier wave 





Signal wave 


TB2S bit of the 
TABSR register 


Timer B2 


Start trigger signal 
for timer A4* 


Timer A4 


m n p ; 
one-shot pulse* || 


Rewriting IDBO, IDB1 registers 











U phase 
output signal * 


i) 
Transfer to three-phase 


output shift register 
U phase 


output signal * 














INV14 =0 
(“L” active) 











INV14 = 1 
(“H” active) 








INV13 
(INV11=1 
mode 1)) 


* Internal signals. See the block diagram of the three-phase motor control timer function. 


Shown here is a typical waveform for the case where INVCO = 00XX11XXz2 (X = set as suitable for the system) and INVC1 = 010XXXX02. 
An example for changing PWM outputs is shown below. 
(1)When INV11=1(three-phase mode 1) (2)When INV11=0(three-phase mode 0) 
* INVO1=0, ICTB2=216(timer B2 interrupt is generated at every 2’'th -INV01=0, ICTB2=116(timer B2 interrupt is generated at every 
occurrence of a timer B2 underflow), or INVO1=1, INVOO=1, occurrence of a timer B2 underflow) 
ICTB2=116(timer B2 interrupt is generated at even-numbered - Initial timer value: TA4 = m. The TA4 register is modified each time 
occurrences of a timer B2 underflow). a timer B2 interrupt occurs. First time, TA4 =m. Second time, TA4 =n. 
- Initial timer value: TA41=m, TA4=m. The TA4 and TA41 registers Third time, TA4 = n. Fourth time, TA4 =. Fifth time, TA4 = p. 
are modified every time a timer B2 interrupt occurs. First time, ‘Initial values of IDBO and IDB1 registers: DUO=1, DUBO=0, DU1=0, 
TA41=n, TA4 =n. Second time, TA41 = p, TA4 =p. DUB1=1.The register values are changed to DUO = 1, DUBO = 0, DU1= 
- Initial values of IDBO and IDB1 registers: DUO = 1, DUBO = 0, 1 and DUB1 = 0 the sixth time a timer B2 interrupt occurs. 
DU1 = 0, DUB1 = 1.The register values are changed to DUO = 1, 
DUBO = 0, DU1= 1 and DUB1 = 0 the third time a timer B2 
interrupt occurs. 


The value written to the TA4 register and TA41 register are inverted at odd-numbered timer A outputs. 





Figure 1.16.8. Triangular Wave Modulation Operation 
——E—EE—EEE=— =—L_—E=_=_=““ _i=SF=SS===E=EE===E=—a—EE—=EE—]L—_—_>~>L_  ||=E=“_|= _ __=====_=_=_=_=_=_=_=_====== 
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Carrier wave: sawtooth waveform 


Carrier wave —_ » ; 


Signal wave aaa 


Timer B2 


Start trigger signal 
for timer A4* 


Timer A4 
one-shot pulse* 


Rewriting IDBO, IDB1 registers 
Transfer to three-phase 
ie output shift register 


U phase 
output signal * ; 


U phase ] | 
output signal * 


U phase 
INV14 =0 


(“L” active) 
U phase 


INVi4d =1 | U Phase 
(“H” active) 


U phase 


* Internal signals. See the block diagram of the three-phase motor control timer function. 


Shown here is a typical waveform for the case where INVCO= 01XX110X2 (X = set as suitable for the 
system) and INVC1 = 010XXX00z. An example for changing PWM outputs is shown below. 

+ ICTB2=n (timer B2 interrupt is generated at every n’th occurrence of a timer B2 underflow) 

+ Initial values of IDBO and IDB1 registers: DU0=0, DUBO=1, DU1=1, DUB1=1. The register values are 
changed to DUO=1, DUBO=0, DU1=1, DUB1=1 a timer B2 interrupt occurs. 





Figure 1.16.9. Sawtooth Wave Modulation Operation 
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Serial I/O 


Serial I/O is configured with five channels: UARTO to UART2, SI/O3 and SI/O4. 


UARTI (i=0 to 2) 
UARTIi each have an exclusive timer to generate a transfer clock, so they operate independently of each 
other. 
Figure 1.17.1 shows the block diagram of UARTi. Figures 1.17.2 shows the block diagram of the UARTi 
transmit/receive. 


UARTI has the following modes: 

* Clock synchronous serial I/O mode 

* Clock asynchronous serial I/O mode (UART mode). 

* Special mode 1 (I2C mode) 

* Special mode 2 

* Special mode 3 (Bus collision detection function, IE mode) : UARTO, UART1 
* Special mode 4 (SIM mode) : UART2 


Figures 1.17.3 to 1.17.8 show the UARTi-related registers. 
Refer to tables listing each mode for register setting. 
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12 f2sio ease =0 





i i i fisio f1S10 or f2S10 
Main clock, PLL clock, or ring oscillator clock 


PCLK1=1 





> f8sio 


(UARTO) fa2s10 = 


RxDo O RxD polarity - polarity 


reversing circuit reversing 
circuit 





























Clock source selection Fi UART reception Receive 


R ti clock 
CLK1 to CLKO Clock synchronous ; dcntralcieuit 
002 Transmit/ 


f1S10 or f2sio oF Internal CKDIR<O UOBRG type r: receive 
2 = i ' 
i =a _— UART transmission! Ti it Unt 
ransmi 
f3210 ———*o 1 / (n0+1) Fe 146, ! Taal clock 
External Transmission controll). 
'— Clock synchronous circuit 
CKDIR=1 2 


























type 
Clock synchronous type 
12 (when internal clock is selected) 


“\CKDIR=0 
Clock synchronous type ss 
CKPOL (when external clock is selected) . QxpiR=1 
Clock synchronous type 
CLK (when internal clock is selected) 


polarity 
CLKoO- reversing 
circuit 
CTS/RTS selected CTS/RTS disabled 
es CRS=1 















































CTSo/ RTSO 





CRS-0 “H” 
CTS/RTS disabled 
RCSP=0 CRD=1 
CTSo from UART1 ———o CRD-0 
RCSP=1 











(UART1) ao 


© RxD polarity polarity 
RxD1 reversing circuit reversing 


circuit 
Clock source selection DART reception Receive 


poo 
CLK1 to CLKO “yo Reception clock 
Clock synchronous. 1 control circuit Transmit/ 


f1SI0 or f2s10 obe i i U1BRG type 1 receive 
fasio O12 x internal CKDIR=0 register ‘ unit 


UART transmission, | Transmit 


102 
He Vv (m1 H ) Transmission clock 
External] CKDIR=1 Clock synchronous control circuit . 


type 
Clock synchronous type 
1/2 (when internal clock is selected) 
er Tee ee 


\CKDIR=0 
Clock synchronous type ‘o——_ 
CKPOL (when external clock is selected) © CKDIR=1 

CLK Clock synchronous type 
polarity (when internal clock is selected) 


CLK1 OO reversing CLKMDO=0 


circuit 





































































































——— CLKMDO=1 

Clock output 
———— pin select CTS/RTS selected CTS/RTS disabled 
CTS1/RTS1/ CLKMD1=1 CRS=1 RTS1 
° 


CTS0/ CLKS1 ~——~ciqwpte0 CRS=0 








“p> 
| CTS/ATS disabled 


CRD=1 RCSP=0 CTS1 





o—— CTSo from UARTO 


(UART2) RCSP=1 


TxD 
RxD polarity olarit 
Rx DeO—] eae | reversing 


circuit 

















Clock source selection A UART reception, Receive 


CLK1 to CLKO Glock synchronous Reception clock (Note) 
002 U2BRG hoe y' ! control circuit Transmit/ 


f1S10 or f2sio : , 
012, \ Internal CKDIR=0 _ register le ' receive 
fssio ——° Q unit 


102 UART transmission! Transmit 
—o 
= Oo ag (n2+1) Clock h Qi Transmission clock 
lock synchronous | Sig 
External] CKDIR=1 type y Oo control circuit 


Clock synchronous type 
1/2 (when internal clock is selected) 
























































NCKDIR=0 
Clock synchronous type oI 
(when external clock is selected), CKDIR=1 
CKPOL Clock synchronous type 7 
CLK (when internal clock is selected) 


polarity 
CLK2 O- reversing 
circuit 
CTS/RTS CTS/RTS disabled 
selected CRS=1 RTS2 


CTS2/RTS2O— 
































CRS=0 “Hy 


| CTSIRTS disabled 
CRD=1 CTS2 








CRD=0 
i=Oto2 
ni: Values set to the UiBRG register 
SMD2 to SMDO, CKDIR: UiMR register's bits 
CLK1 to CLKO, CKPOL, CRD, CRS: UiCO register's bits 
CLKMDO, CLKMD1, RCSP: UCON register's bits 
Note: UART2 is the N-channel open-drain output. Cannot be set to the CMOS output. 


Figure 1.17.1. UARTi Block Diagram 
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e) 
Reverse |QPOL=1 





PAR 
enabled 


Clock 
synchronous 


type 





UART 
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Clock 
synchronous type 
UART 

(7 bits) 

ie be) UART(7 bits) UARTI receive register 








Clock 
mee synchronous type 





! Ds: Da! D3! Do! Di : Do UiRB register 


Logic reverse circuit + MSB/LSB conversion circuit 








Data bus high-order bits 








— 








STPS=1 enabled PRYE=1 
Oo oO 


UART 
Q 


Data bus low-order bits 


Logic reverse circuit + MSB/LSB conversion circuit 











Da Ds D2 : Di Do UiTB register 

















UART 

(9 bits) 
UART 
(9 bits) 


Clock 
synchronous type 











-———_o 


Clock 





i=0 to 2 
SP: Stop bit 
PAR: Parity bit 


UiERE: UiC1 register's bit 


synchronous 
type 























UARTI transmit register 
UART(7 bits) 











synchronous type 


Error signal output 
disable No reverse 














Lo? o> [TxD dat i 
SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR: UiMR register's bits iene ae © TxDi 





Error signal output Reverse 
enable 


Figure 1.17.2. UARTi Transmit/Receive Unit 
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UARTI transmit buffer register (i=0 to 2)(Note) 
(bs) Symbol Address After reset 
bO_b7 bo UOTB 03A316-03A216 Indeterminate 
U1TB O3ABi6-03AAt16 Indeterminate 
U2TB 037B16-037Ai6 Indeterminate 





Function 





Transmit data 





Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to be indeterminate. 











Note: Use MOV instruction to write to this register. 


UARTI receive buffer register (i=0 to 2) 

(b15) (b8) Symbol Address After reset 

o7 bor bZ UORB —_03A716-03A616 Indeterminate 
U1RB —-O8AFt6-03AE16 ~—_—Indeterminate 
U2RB —037F 16-037E16 Indeterminate 








Bit name Function 


Receive data (Ds) 





Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if read, turns out to be “O”. 


ABT | Arbitration lost detecting _| 0 : Not detected 
flag (Note 2) 1: Detected 





OER | Overrun error flag (Note 1) | 0 : No overrun error 
1 : Overrun error found 


FER | Framing error flag (Note 1) | 0 : No framing error 
1: Framing error found 


Parity error flag (Note 1) 0 : No parity error 
1: Parity error found 





Error sum flag (Note 1) 0 : No error 
1: Error found 








: When the UiMR register’s SMD2 to SMDO bits = “0002” (serial I/O disabled) or the UiC1 register’s RE bit = “0” (reception disabled), all of the SUM, 
PER, FER and OER bits are set to “O” (no error). The SUM bit is set to “O” (no error) when all of the PER, FER and OER bits = “0” (no error). 
Also, the PER and FER bits are set to “0” by reading the lower byte of the UiRB register. 
Note 2: The ABT bit is set to “O” by writing “O” in a program. (Writing “1” has no effect.) 


UARTIi baud rate generation register (i=0 to 2)(Notes 1, 2) 
b7 bo Symbol Address After reset 
UOBRG O3A116 Indeterminate 
U1BRG O3A916 Indeterminate 
‘ U2BRG 037916 Indeterminate 
Salling range 


Assuming that set value = n, UiBRG divides the count source 0016 to FFie 
byn+1 








Note 1: Write to this register while serial I/O is neither transmitting nor receiving. 
Note 2: Use MOV instruction to write to this register. 





Figure 1.17.3. UOTB to U2TB Register, UORB to U2RB Register, and UOBRG to U2BRG Register 





2ENESAS 


1 40 Renesas Technology Corp. 


Renesas microcomputers 


M16C / 62P Group 
Serial I/O SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


UARTI transmit/receive mode register (i=0 to 2) 


b7 b6 bS5 b4 b3 b2 bi bd 
Symbol Address After reset 
UOMR to U2MR_(03A016, 03A816, 037816 0016 


5 
SMDO | Serial /O mode select bit 000: Serial I/O disabled Aw 
(Note 2) : Clock synchronous serial I/O mode 


001: 

SMD1 010:12C mode (Note 3) 
100: UART mode transfer data 7 bits long 
101: UART mode transfer data 8 bits long 
110 
Mu 





SMD2 : UART mode transfer data 9 bits long 
st not be set except above 


CKDIR | Internal/external clock : Internal clock 
select bit : External clock (Note 1) 
STPS | stop bit length select bit Me One stop bit 
: Two stop bits 
PRY |QOdd/even parity select bit Effective when PRYE = 1 
0 : Odd parity RW 
1: Even parity 
PRYE | Parity enable bit : : Parity disabled RW 
: Parity enabled 
IOPOL | TxD, RxD I/O polarity a: No reverse 
reverse bit : Reverse 
Note 1: Set the corresponding port direction bit for each CLKi pin to “O” (input mode). 


Note 2: To receive data, set the corresponding port direction bit for each RxDi pin to “O” (input mode). 
Note 3: Set the corresponding port direction bit for SCL and SDA pins to “0” (input mode). 


UARTI transmit/receive control register 0 (i=0 to 2) 


b7 b6 bS b4 b3 b2 b1 bO 





Symbol Address After reset 
UO0CO to U2CO0 = 03A416, O3AC16, 037C16 000010002 


Bit F i 
b1 bo 
‘4 CLKO | BRG count source 0 0: fisio or f2sio is selected 
select bit 01 : fesio is selected 


CLK1 10 : fs2sio is selected 
1 1: Must not be set 


CTS/RTS function Effective when CRD = 0 
select bit 0 : CTS function is selected (Note 1) 
1: RTS function is selected 


TXEPT | Transmit register empty |0 : Data present in transmit register (during transmission) 
1: No data present in transmit register 
(transmission completed) 


: CTS/RTS function enabled 
: CTS/RTS function disabled 
(P60, P64 and P73 can be used as |/O ports) 


NCH Data output select bit : TxDi/SDAi and SCLi pins are CMOS output 
(Note 2) : TxDi/SDAi and SCLi pins are N-channel open-drain output 





F . : Transmit data is output at falling edge of transfer clock 

EAPO || Gis Don Select and receive data is input at rising edge 
: Transmit data is output at rising edge of transfer clock 

and receive data is input at falling edge 





UFORM | Transfer format select bit | 0 : LSB first 
: MSB first 


: Set the corresponding port direction bit for each CTSi pin to “O” (input mode). 
Note 2: TxD2/SDA2 and SCL2 are N-channel open-drain output. Cannot be set to the CMOS output. Set the NCH bit of the U2CO 
register to “O”. 
Note 3: Effective for clock synchronous serial I/O mode and UART mode transfer data 8 bits long. 
Note 4: CTS1/RTS1 can be used when the UCON register’s CLKMD1 bit = “O” (only CLK1 output) and the UCON register’s RCSP bit = 
“0” (CTSo/RTSo not separated). 





Figure 1.17.4. UOMR to U2MR Register and U0CO to U2CO Register 
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UARTi transmit/receive control register 1 (i=0, 1) 


b7_b6_b5 b4 b3 b2 bi b0 Symbol Address After reset 
| U0C1, U1C1 03A516,03AD16 000000102 


Bit ; Functi 
Se 
: Transmit enable bit 7 : Transmission disabled 
: Transmission enabled 
Transmit buffer 4 Data present in UiTB register 
empty flag : No data present in UiTB register 


Receive enable bit e Reception disabled RW 
: Reception enabled 
Receive complete flag 0 : No data present in UiRB register 


1 : Data present in UiRB register 





— Nothing is assigned. 
(b5-b4) | When write, set “0”. When read, these contents are “O”. 


UiLCH | Data logic select bit 0 : No reverse RW 
1 : Reverse 
UiERE | Error signal output 0 : Output disabled RW 
enable bit 1 : Output enabled 


UART2 transmit/receive control register 1 


b7_b6 b5 b4 63 b2 bi bo Symbol Address After reset 
U2C1 037D16 000000102 


Bit name Function 





Transmit enable bit re Transmission disabled 
: Transmission enabled 


Transmit buffer " Data present in U2TB register 
empty flag : No data present in U2TB register 


Receive enable bit a Reception disabled 
: Reception enabled 





Receive complete flag : No data present in U2RB register 
: Data present in U2RB register 


U2IRS | UART2 transmit interrupt ie Transmit buffer empty (TI = 1) 
cause select bit : Transmit is completed ( HXEPT = = 1) 


U2RRM| UART2 continuous 0 : Continuous receive mode disabled 
receive mode enable bit | 1 : Continuous receive mode enabled 





U2LCH | Data logic select bit 0 : No reverse 
1 : Reverse 


U2ERE | Error signal output 0 : Output disabled 
enable bit 1 : Output enabled 





Figure 1.17.5. U0C1 to U2C1 Registers 
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UART transmit/receive control register 2 


b7 b6 b5 b4 b3 b2 bi bO 


Symbol 
UCON 


Bit 
symbol 
UOIRS | UARTO transmit 
interrupt cause select bit 


Address 
03B016 


Renesas microcomputers 


M16C / 62P Group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


After reset 
X00000002 


Function 


0 : Transmit buffer empty (TI = 1) 
1: Transmission completed (TXEPT = 1) 


0: Transmit buffer empty (TI = 1) 
1: Transmission completed (TXEPT = 1) 





U1IRS | UART1 transmit 
interrupt cause select bit 
UORRM | UARTO continuous 
receive mode enable bit 
CLKMDO} UART1 CLK/CLKS 
select bit 0 


0 : Continuous receive mode disabled 
1 : Continuous receive mode enable 


Effective when CLKMD1 = “1” 
0 : Clock output from CLK1 
: Clock output from CLKS1 





CLKMD1} UART1 CLK/CLKS 
select bit 1 (Note) 


1 

0 : CLK output is only CLK1 

1: Transfer clock output from multiple pins function 
selected 





Separate UARTO 
CTS/RTS bit 





0: CTS/RTS shared pin 
: CTS/RTS separated (CTSo supplied from the P64 pin) 


: When using multiple transfer clock output pins, make sure the following conditions are met: 


U1MR register’s CKDIR bit = “0” (internal clock) 


UARTIi special mode register (i=0 to 2) 


b7 b6 b5 b4 b3 b2 b1 b0 
Symbol 





Address 
UOSMR to U2SMR__036F 16, 037316, 037716 


After reset 
X00000002 





l2C mode select bit 


Bus busy flag 


Bus collision detect 
sampling clock select bit 


Auto clear function 
select bit of transmit 
enable bit 


Transmit start condition 
select bit 





Nothing is assigned. When write, set “0”. When read, its content is indeterminate. 


Function 


. Other than l12C mode 
: 12C mode 


Arbitration lost detecting . Update per bit 
flag control bit : Update per byte 


bp STOP condition detected 


: START condition detected (busy) hin 


Reserved bit Set to “O” 


a Rising edge of transfer clock 
: Underflow signal of timer Aj (Note 2) 


0: No auto clear function 
1 : Auto clear at occurrence of bus collision 


0 : Not synchronized to RxDi 
1 : Synchronized to RxDi (Note 3) 





Note 1: The BBS bit is set to “O” by writing “O” in a program. (Writing “1” has no effect.). 
Note 2: Underflow signal of timer A3 in UARTO, underflow signal of timer A4 in UART1, underflow signal of timer AO in UART2. 
Note 3: When a transfer begins, the SSS bit is set to “O” (Not synchronized to RxDi). 





Figure 1.17.6. UCON Register and UOSMR to U2SMR Registers 
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UARTIi special mode register 2 (i=0 to 2) 


b7 b6 b5 b4 b3 b2 b1 b0 
Symbol Address After reset 


UOSMR2 to U2SMR2_ 036E16, 037216, 037616 X00000002 


Bit 
en ee 
lIGM2__| 12C mode select bit 2 Refer to “Table 1.20.4. I2C Mode Functions” 
Clock-synchronous bit ‘ Disabled 
: Enabled 
SCL wait output bit 0 : Disabled RW 
1 : Enabled 
ALS SDA output stop bit 0 : Disabled 
: RW 
1 : Enabled 
STAC _ | VARTI initialization bit i : Disabled 
; RW 
: Enabled 
SWC2_ | SCL wait output bit 2 0: Transfer clock 
1: “L” output 
SDHI SDA output disable bit 0: Enabled 
1: Disabled (high impedance) 


Nothing is assigned. When write, set “O”. When read, its content is 
indeterminate. 


UARTIi special mode register 3 (i=0 to 2) 


b7 b6 b5 b4 b3 b2 b1 b0 
Symbol Address After reset 


UOSMR3 to U2SMR3_ —s: O36 D116, 037116, 037516 ~~ O00X0X0Xz2 


Bit 
i 


Nothing is assigned. 
When write, set “O”. When read, its content is indeterminate. 


CKPH | Clock phase set bit . Without clock delay 
: With clock delay 


Nothing is assigned. 
When write, set “O”. When read, its content is indeterminate. 


NODC | Clock output select bit ie CLKi is CMOS output 
: CLKi is N-channel open drain output 


Nothing is assigned. 
When write, set “O”. When read, its content is indeterminate. 


SDAi digital delay 
setup bit 
(Note 1, Note 2) 


: Without delay 

: 1 to 2 cycle(s) of UiBRG count source 
: 2 to 3 cycles of UIBRG count source 

: 3 to 4 cycles of UIBRG count source 

: 4 to 5 cycles of UIBRG count source 

: 5 to 6 cycles of UIBRG count source 

: 6 to 7 cycles of UIBRG count source 

: 7 to 8 cycles of UIBRG count source 


=|=-3323OC000 
-"or-o+-0O+-0 


Note 1 : The DL2 to DLO bits are used to generate a delay in SDAi output by digital means during I2C mode. In other than |2C 
mode, set these bits to “0002” (no delay). 

Note 2 : The amount of delay varies with the load on SCLi and SDAi pins. Also, when using an external clock, the amount of 
delay increases by about 100 ns. 





Figure 1.17.7. UOSMR2 to U2SMR2 Registers and UOSMR3 to U2SMR3 Registers 
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UARTIi special mode register 4 (i=0 to 2) 


b7 b6 b5 b4 b3 b2 bit b0 
Symbol Address After reset 


UOSMR4 to U2SMR4 036C16, 037016, 037416 0016 


Bit Bit name Function RW 
symbol 
STAREQ | Start condition 0: Clear RW 
: generate bit (Note) 1: Start 
RSTAREQ | Restart condition : Clear RW 
generate bit (Note) 1: Start 


STPREQ | Stop condition : Clear 
generate bit (Note) : Start 
STSPSEL | SCL,SDA output 0 : Start and stop conditions not output RW 
select bit 1 : Start and stop conditions output 
ACKD ACK data bit 0: ACK RW 
1: NACK 
ACKGC _ | ACK data output ; : Serial I/O data output RW 
enable bit : ACK data output 
SCLHI SCL output stop i Disabled 
enable bit : Enabled 
SWC9 SCL wait bit 3 :. SCL “L” hold disabled 
: SCL “L” hold enabled 


Note: Set to “O” when each condition is generated. 





Figure 1.17.8. UOSMR4 to U2SMR4 Registers 
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Clock Synchronous serial I/O Mode 
The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Table 1.18.1 
lists the specifications of the clock synchronous serial I/O mode. Table 1.18.2 lists the registers used in 
clock synchronous serial I/O mode and the register values set. 


Table 1.18.1. Clock Synchronous Serial I/O Mode Specifications 


Item Specification 


Transfer data format 


¢ Transfer data length: 8 bits 





Transfer clock 


* UIMR(i=0 to 2) register’s CKDIR bit = “O” (internal clock) : fj/ 2(n+1) 
fj = fiSIO, f2sio, fasio, f32sio. n: Setting value of UiIBRG register 0016 to FFi6 
¢ CKDIR bit = “1” (external clock) : Input from CLKi pin 





Transmission, reception control 


¢ Selectable from CTS function, RTS function or CTS/RTS function disable 





Transmission start condition 


¢ Before transmission can start, the following requirements must be met (Note 1) 
— The TE bit of UiC1 register= 1 (transmission enabled) 

— The TI bit of UiC1 register = 0 (data present in UiTB register) 

— If CTS function is selected, input on the CTSi pin = “L” 





Reception start condition 


¢ Before reception can start, the following requirements must be met (Note 1) 
~The RE bit of UiC1 register= 1 (reception enabled) 

— The TE bit of UiC1 register= 1 (transmission enabled) 

— The TI bit of UiC1 register= 0 (data present in the UiTB register) 





Interrupt request 
generation timing 


¢ For transmission, one of the following conditions can be selected 

— The UIIRS bit (Note 3) = 0 (transmit buffer empty): when transferring data from the 
UiTB register to the UARTIi transmit register (at start of transmission) 

— The UiIRS bit =1 (transfer completed): when the serial I/O finished sending data from 
the UARTIi transmit register 

¢ For reception 


When transferring data from the UARTIi receive register to the UIRB register (at 
completion of reception) 





Error detection 


¢ Overrun error (Note 2) 


This error occurs if the serial I/O started receiving the next data before reading the 
UiRB register and received the 7th bit of the next data 





Select function 








* CLK polarity selection 
Transfer data input/output can be chosen to occur synchronously with the rising or 
the falling edge of the transfer clock 

¢ LSB first, MSB first selection 
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7 
can be selected 

* Continuous receive mode selection 
Reception is enabled immediately by reading the UiRB register 

* Switching serial data logic 
This function reverses the logic value of the transmit/receive data 

¢ Transfer clock output from multiple pins selection (UART1) 
The output pin can be selected in a program from two UART1 transfer clock pins that 
have been set 

* Separate CTS/RTS pins (UARTO) 
CTSo and RTSo are input/output from separate pins 


Note 1: When an external clock is selected, the conditions must be met while if the UiCO register’s CKPOL bit = “O” 
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), the 
external clock is in the high state; if the UiCO registers CKPOL bit = “1” (transmit data output at the rising edge 
and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low state. 

Note 2: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit of SiIRIC register does not change. 


Note 3: The UOIRS and U1IRS bits respectively are the UCON register bits O and 1; the U2IRS bit is the U2C1 register bit 4. 
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Table 1.18.2. Registers to Be Used and Settings in Clock Synchronous Serial I/O Mode 


Register 


Bit 


Function 





UiTB(Note3) 


0 to 7 


Set transmission data 





UiRB(Note3) 


0 to 7 


Reception data can be read 





OER 


Overrun error flag 





UiBRG 


0to7 


Set a transfer rate 





UiMR(Note3) 


SMD2 to SMDO 


Set to “0012” 





CKDIR 


Select the internal clock or external clock 





IOPOL 


Set to “O” 





CLK1 to CLKO 


Select the count source for the UiBRG register 





CRS 


Select CTS or RTS to use 





TXEPT 


Transmit register empty flag 





CRD 


Enable or disable the CTS or RTS function 





NCH 


Select TxDi pin output mode (Note 2) 





CKPOL 


Select the transfer clock polarity 





UFORM 


Select the LSB first or MSB first 





TE 


Set this bit to “1” to enable transmission/reception 





TI 


Transmit buffer empty flag 





RE 


Set this bit to “1” to enable reception 





Rl 


Reception complete flag 





U2IRS (Note 1) 


Select the source of UART2 transmit interrupt 





U2RRM (Note 1) 


Set this bit to “1” to use continuous receive mode 





UiLCH 


Set this bit to “1” to use inverted data logic 





UiIERE 


Set to “O” 





UiSMR 


0to7 


Set to “O” 





UiISMR2 


Oto 7 


Set to “O” 





UiISMR3 


0 to2 


Set to “O” 





NODC 


Select clock output mode 





4to7 


Set to “O” 





UiISMR4 


0 to 7 


Set to “O” 





UCON 


UOIRS, U1IRS 


Select the source of UARTO/UART1 transmit interrupt 





UORRM, U1RRM 


Set this bit to “1” to use continuous receive mode 





CLKMDO 


Select the transfer clock output pin when CLKMD1 = 1 





CLKMD1 


Set this bit to “1” to output UART1 transfer clock from two pins 





RCSP 


Set this bit to “1” to accept as input the UARTO CTSo signal from the P64 pin 








7 





Set to “O” 





Note 1: Set the UOC1 and U1C1 register bit 4 and bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits 
are in the UCON register. 


Note 2: TxD2 pin is N channel open-drain output. Set the U2CO register's NCH bit to “O”. 


Note 3: Not all register bits are described above. Set those bits to “O” when writing to the registers in clock 
synchronous serial I/O mode. 


i=0 to 2 





2tENESAS 


Renesas Technology Corp. 


147 


Renesas microcomputers 


M16C / 62P Group 
Serial I/O (Clock Synchronous Serial I/O) BEE eg ee epee 





Table 1.18.3 lists the functions of the input/output pins during clock synchronous serial I/O mode. Table 
1.18.3 shows pin functions for the case where the multiple transfer clock output pin select function is 
deselected. Table 1.18.4 lists the P64 pin functions during clock synchronous serial I/O mode. Note that 
for a period from when the UARTIi operation mode is selected to when transfer starts, the TxDi pin outputs 
an “H”. (If the N-channel open-drain output is selected, this pin is in a high-impedance state.) 


Table 1.18.3. Pin Functions (When Not Select Multiple Transfer Clock Output Pin Function) 
Pin name Function Method of selection 


TxDi (i = 0 to 2)! Serial data output (Outputs dummy data when performing reception only) 
(P63, P67, P70) 





RxDi Serial data input PD6 register’s PD6_2 bit=0, PD6_6 bit=0, PD7 register’s PD7_1 bit=0 
(P62, P66, P71) (Can be used as an input port when performing transmission only) 





CLki Transfer clock output UiMR registers CKDIR bit=0 


(P61, P65, P72) ; : ; 
UiMR register’s CKDIR bit=1 
PD6 registers PD6_1 bit=0, PD6_5 bit=0, PD7 register’s PD7_2 bit=0 


CTSi/RTSi CTS input UiCO register’s CRD bit=0 
(P60, P64, P73) UiCO register’s CRS bit=0 
PD6 register’s PD6_0 bit=0, PD6_4 bit=0, PD7 register’s PD7_3 bit=0 


UiCO register’s CRD bit=0 
UiCO register’s CRS bit=1 


Transfer clock input 














I/O port UiCO register’s CRD bit=1 


Table 1.18.4. P64 Pin Functions 
Pin function Bit set value 
U1C0 register UCON register PD6 register 
CRD CRS RCSP | CLKMD1 | CLKMDO PD6_4 
P64 Input: 0, Output: 1 
CTS1 
RTS1 
CTSo(Note1) 
CLKS1 1(Note 2) 
Note 1: In addition to this, set the UOCO register’s CRD bit to “O” (CTSo/RTSo enabled) and the UO 
CO register’s CRS bit to “1” (RTSo selected). 
Note 2: When the CLKMD1 bit = 1 and the CLKMDO bit = 0, the following logic levels are output: 


* High if the U1C0 registers CLKPOL bit = 0 
* Low if the U1CO registers CLKPOL bit = 1 
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(1) Example of transmit timing (when internal clock is selected) 


Transfer clock 


UiC1 register ‘ 
TE bit “o” ‘Write data to the UiTB register 


UiC1 register 


TI bit 
Transferred from UiTB register to UARTi transmit register 


CTSi 
Stopped pulsing because CTSi = “H” Stopped pulsing because the TE bit = “0” 
CLKi 


Tx0I POOOQQOOEIOOOOOQOE_IOOOOOQ® 


UiCO register qr ] 
TXEPT bit “Q” | | 


SITIC register 
IR bit 


i ee - 


Cleared to “O” when interrupt request is accepted, or cleared to “0” in a program 
Tc = TCLK = 2(n + 1)/ fj 
fj: frequency of UIBRG count source (f1SIO, f2SIO, f8SIO, f32SI0) 
n: value set to UIBRG register 
i:0to2 
The above timing diagram applies to the case where the register bits are set as follows: 
+ UIMR register CKDIR bit = 0 (internal clock) = 
+ UiCO register CRD bit = 0 (CTS/RTS enabled), CRS bit = 0 (CTS selected) 
+ UiCO register CKPOL bit = 0 (transmit data output at the falling edge and receive data taken in at the rising edge of the transfer clock) 
« UiIRS bit = 0 (an interrupt request occurs when the transmit buffer becomes empty): UOIRS bit is the UCON register bit 0, U1IRS bit is the UCON 
register bit 1, and U2IRS bit is the U2C1 register bit 4 


(2) Example of receive timing (when external clock is selected) 


UiC1 register | 
RE bit “O" ; 


UiC1 register | : : ; 
TE bit “o” Write dummy data to UiTB register 


UiC1 register as i 
TI bit ow 


aie | Transferred from UiTB register to UARTi transmit register 
RTSi | | Even if the reception is completed, the RTS 
*L? : a does not change. The RTS becomes “L” 
1 —»|—~— 1 / fext when the RI bit changes to “0” from “1”. 
CLKi a) 


Receive data is taken in 
RxDi 


Transferred from UARTI receive register Read out from UiRB register 
UiC1 register : to UiRB register 
RI bit “Q” 


SiRIC register vv | 
IR bit “0” 


Cleared to “0” when interrupt request is 
accepted, or cleared to “O” in a program 


The above timing diagram applies to the case where the register bits are set Make sure the following conditions are met when input 
as follows: to the CLKi pin before receiving data is high: 
+ UIMR register CKDIR bit = 1 (external clock) — + UiCO register TE bit = 1 (transmit enabled) 
+ UiCO register CRD bit = 0 (CTS/RTS enabled), CRS bit = 1 (RTS selected) * UiCO register RE bit = 1 (Receive enabled) 
+ UiCO register CKPOL bit = 0 (transmit data output at the falling edge and receive +» Write dummy data to the UiTB register 
data taken in at the rising edge of the transfer clock) 


fEXT: frequency of external clock 





Figure 1.18.1. Transmit and Receive Operation 
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(a) CLK Polarity Select Function 
Use the UiCO register (i = 0 to 2)’s CKPOL bit to select the transfer clock polarity. Figure 1.18.2 shows 
the polarity of the transfer clock. 


(1) When the UiCO register’s CKPOL bit = 0 (transmit data output at the falling 
edge and the receive data taken in at the rising edge of the transfer clock) 















































CLKi | { (Note 2) 








TXDi Yea) Coa) 
RXDi X Do X D1 X D2 X D3 X D4 X D5 X De X D7 











(2) When the UiCO register’s CKPOL bit = 1 (transmit data output at the rising 
edge and the receive data taken in at the falling edge of the transfer clock) 


CLKi t | (Note 3) 


TXDi \ KBs) YBN BENE 


RXDi X Do X D1 X D2 X D3 X D4 X DS X De X D7 


Note 1: This applies to the case where the UiCO register’s UFORM bit = 0 
(LSB first) and UiC1 register's UiLCH bit = 0 (no reverse). 

Note 2: When not transferring, the CLKi pin outputs a high signal. 

Note 3: When not transferring, the CLKi pin outputs a low signal. 

i=Oto2 

































































Figure 1.18.2. Transfer Clock Polarity 


(b) LSB First/MSB First Select Function 
Use the UiCO register (i = 0 to 2)’s UFORM bit to select the transfer format. Figure 1.18.3 shows the 
transfer format. 


(1) When UiCO register's UFORM bit = 0 (LSB first) 















































CLKi 
TXDi X po X pt X D2 X D3 X Da X Ds X De X D7 
RXDi X Do X D1 X D2 X D3 X D4 X D5 X De X D7 























(2) When UiCO register's UFORM bit = 1 (MSB first) 





















































CLKi 
TXDi D7 X De X D5 X D4 X D3 X D2 X D1 X Do 
RXDi X D7 X De X Ds X D4 X D3 X D2 X Dt X Do 

















Note: This applies to the case where the UiCO registers CKPOL bit = 0 ( 
transmit data output at the falling edge and the receive data taken 
in at the rising edge of the transfer clock) and the UiC1 register’s 
UiLCH bit = 0 (no reverse). 

i=Oto2 





Figure 1.18.3. Transfer Format 





2tENESAS 


1 50 Renesas Technology Corp. 


Renesas microcomputers 


M16C / 62P Group 
Serial I/O (Clock Synchronous Serial |/O) i relia cal ae 





(c) Continuous Receive Mode 
When the UiRRM bit (i = 0 to 2) = 1 (continuous receive mode), the UiC1 register’s TI bit is set to “0” 
(data present in the UiTB register) by reading the UiRB register. In this case, i.e., UIRRM bit = 1, do not 
write dummy data to the UiTB register in a program. The UORRM and U1RRM bits are the UCON 
register bit 2 and bit 3, respectively, and the U2RRM bit is the U2C1 register bit 5. 


(d) Serial Data Logic Switching Function 
When the UiC1 register (i = 0 to 2)’s UILCH bit = 1 (reverse), the data written to the UiTB register has 
its logic reversed before being transmitted. Similarly, the received data has its logic reversed when 
read from the UiRB register. Figure 1.18.4 shows serial data logic. 


(1) When the UiC1 register's UILCH bit = 0 (no reverse) 


Transterooek  —LLPLE LPL LAL 
TxDi ‘H" 
ieievene) as {_Do X Di f_b2 X_D3 jf D4 X DS j D6 X _D7 


(2) When the UiC1 register's UILCH bit = 1 (reverse) 


Trasterceck LDL ELD LE LL 
TxDi “#" 
levers! 5, (_Do X_D1 X D2 \_Ds j_D4 X Ds X D6 X_D7 





Note: This applies to the case where the UiCO registers CKPOL bit = 0 
(transmit data output at the falling edge and the receive data 
taken in at the rising edge of the transfer clock) and the UFORM 
bit = O (LSB first). 

i=Oto2 


Figure 1.18.4. Serial Data Logic Switching 





(e) Transfer Clock Output From Multiple Pins (UART1) 
Use the UCON register’s CLKMD1 to CLKMDO bits to select one of the two transfer clock output pins. 
(See Figure 1.18.5.) This function can be used when the selected transfer clock for UART1 is an 
internal clock. 


Microcomputer 


TxD1 (P67) 








CLKS1 (P64) 








CLK1 (P65) IN 
CLK 





Transfer enabled Transfer enabled 
when the UCON when the UCON 
register's register's 
CLKMDO bit = 0 CLKMDO bit = 1 


Note: This applies to the case where the U1MRregister's CKDIR bit 
= 0 (internal clock) and the UCON register's CLKMD1 bit = 1 ( 
transfer clock output from multiple pins). 





Figure 1.18.5. Transfer Clock Output From Multiple Pins 
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(f) CTS/RTS Separate Function (UARTO) 
This function separates CTSo/RTSo, outputs RTSo from the P60 pin, and accepts as input the CTSo 
from the P64 pin. To use this function, set the register bits as shown below. 
+ UOCO register's CRD bit = 0 (enables UARTO CTS/RTS) 
* UOCO register's CRS bit = 1 (outputs UARTO RTS) 
* U1CO register's CRD bit = 0 (enables UART1 CTS/RTS) 
* U1CO register's CRS bit = 0 (inputs UART1 CTS) 
* UCON register's RCSP bit = 1 (inputs CTSo from the P64 pin) 
* UCON register's CLKMD1 bit = 0 (CLKS1 not used) 
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be 
used. 


0 
0 


Microcomputer 
TxDo (P63) 
RxDo (P62) 
CLKo (P61) 











RTSo (P60) 
CTSo (P64) 











Figure 1.18.6. CTS/RTS Separat Function 
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Clock Asynchronous Serial I/O (UART) Mode 


The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer 
data format. Tables 1.19.1 lists the specifications of the UART mode. 


Table 1.19.1. UART Mode Specifications 
Transfer data format * Character bit (transfer data): Selectable from 7, 8 or 9 bits 
* Start bit: 1 bit 
* Parity bit: Selectable from odd, even, or none 
* Stop bit: Selectable from 1 or 2 bits 
Transfer clock * UIMR(i=0 to 2) register’s CKDIR bit = 0 (internal clock) : fj/ 16(n+1) 
fj = f1SIO, f2sio, fasio, f32SI0. n: Setting value of UIBRG register 0016 to FF16 
¢ CKDIR bit = “1” (external clock) : fEXT/16(n+1) 
fEXT: Input from CLKi pin. n :Setting value of UIBRG register 0016 to FF16 
Transmission, reception control] »* Selectable from CTS function, RTS function or CTS/RTS function disable 
Transmission start condition) * Before transmission can start, the following requirements must be met 
— The TE bit of UiC1 register= 1 (transmission enabled) 
— The TI bit of UiC1 register = 0 (data present in UiTB register) 
— If CTS function is selected, input on the CTSi pin = “L” 
Reception start condition * Before reception can start, the following requirements must be met 
— The RE bit of UiC1 register= 1 (reception enabled) 
— Start bit detection 
Interrupt request + For transmission, one of the following conditions can be selected 
generation timing — The UiIRS bit (Note 2) = 0 (transmit buffer empty): when transferring data from the 
UiTB register to the UARTIi transmit register (at start of transmission) 
— The UiIRS bit =1 (transfer completed): when the serial I/O finished sending data from 
the UARTIi transmit register 
« For reception 
When transferring data from the UARTIi receive register to the UIRB register (at 
completion of reception) 
Error detection * Overrun error (Note 1) 
This error occurs if the serial I/O started receiving the next data before reading the 
UiRB register and received the bit one before the last stop bit of the next data 
* Framing error 
This error occurs when the number of stop bits set is not detected 
¢ Parity error 
This error occurs when if parity is enabled, the number of 1’s in parity and 
character bits does not match the number of 1’s set 
¢ Error sum flag 
This flag is set (= 1) when any of the overrun, framing, and parity errors is encountered 























Select function ¢ LSB first, MSB first selection 
Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7 
can be selected 
* Serial data logic switch 
This function reverses the logic of the transmit/receive data. The start and stop bits 
are not reversed. 
¢ TXD, RxD I/O polarity switch 
This function reverses the polarities of hte TxD pin output and RxD pin input. The 
logic levels of all I/O data is reversed. 
* Separate CTS/RTS pins (UARTO) 
CTSo and RTSo are input/output from separate pins 
Note 1: If an overrun error occurs, the value of UIRB register will be indeterminate. The IR bit of SIRIC register does not change. 
Note 2: The UOIRS and U1IRS bits respectively are the UCON register bits 0 and 1; the U2IRS bit is the U2C1 register bit 4. 
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Table 1. 19. 2. Registers to Be Used and Settings in UART Mode 

Register Bit Function 

UiTB 0to8 Set transmission data (Note 1) 

UiRB 0to8 Reception data can be read (Note 1) 
OER,FER,PER,SUM) Error flag 
UiBRG 0to7 Set a transfer rate 
UiMR SMD2 to SMDO Set these bits to ‘1002’ when transfer data is 7 bits long 
Set these bits to ‘1012’ when transfer data is 8 bits long 

















Set these bits to ‘1102’ when transfer data is 9 bits long 





CKDIR Select the internal clock or external clock 

STPS Select the stop bit 

PRY, PRYE Select whether parity is included and whether odd or even 
IOPOL Select the TxD/RxD input/output polarity 

CLKO, CLK1 Select the count source for the UiBRG register 

CRS Select CTS or RTS to use 

TXEPT Transmit register empty flag 

CRD Enable or disable the CTS or RTS function 

NCH Select TxDi pin output mode (Note 2) 

CKPOL Set to “0” 

UFORM LSB first or MSB first can be selected when transfer data is 8 bits long. Set this 
bit to “O” when transfer data is 7 or 9 bits long. 



































TE Set this bit to “1” to enable transmission 





Tl Transmit buffer empty flag 





RE Set this bit to “1” to enable reception 





RI Reception complete flag 
U2IRS (Note 2) Select the source of UART2 transmit interrupt 
U2RRM (Note 2) Set to “0” 





















































UiLCH Set this bit to “1” to use inverted data logic 
UiERE Set to “O” 
UiISMR O0to7 Set to “0” 
UiSMR2 O0to7 Set to “O” 
UISMR3 | 0to7 Set to “0” 
UiSMR4 O0to7 Set to “O” 
UCON UOIRS, U1IRS Select the source of UARTO/UART1 transmit interrupt 
UORRM, U1RRM Set to “O” 
CLKMDO Invalid because CLKMD1 = 0 
CLKMD1 Set to “O” 
RCSP Set this bit to “1” to accept as input the UARTO CTSo signal from the P64 pin 
7 Set to “0” 


Note 1: The bits used for transmit/receive data are as follows: Bit 0 to bit 6 when transfer data is 7 bits long; 
bit 0 to bit 7 when transfer data is 8 bits long; bit 0 to bit 8 when transfer data is 9 bits long. 

Note 2: Set the UOC1 and U1C1 registers bit 4 to bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits 
are included in the UCON register. 

Note 3: TxD2 pin is N channel open-drain output. Set the U2CO register's NCH bit to “0”. 

i=0 to 2 
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Table 1.19.3 lists the functions of the input/output pins during UART mode. Table 1.19.4 lists the P64 pin 
functions during UART mode. Note that for a period from when the UARTIi operation mode is selected to 
when transfer starts, the TxDi pin outputs an “H”. (If the N-channel open-drain output is selected, this pin 


is in a high-i 


mpedance state.) 


Table 1.19.3. I/O Pin Functions 


Pin name 


TxDi (i = 0 to 2) 
(P63, P67, P70) 


Function 


Serial data output 


Method of selection 


(Outputs dummy data when performing reception only) 





RxDi 
(P62, P66, P71) 


Serial data input 


PD6 register’s PD6_2 bit=0, PD6_6 bit=0, PD7 register’s PD7_1 bit=0 
(Can be used as an input port when performing transmission only) 





CLKi 
(P61, P6s, P72) 


Input/output port 


Transfer clock input 


UiMR register’s CKDIR bit=0 


UiMR register’s CKDIR bit=1 
PD6 registers PD6_1 bit=0, PD6_5 bit=0, PD7 register’s PD7_2 bit=0 





CTSi/RTSi 
(P60, P64, P73) 





Table 1.19.4. P64 Pin Functions 


Pin function 


P64 


CTS input 


Input/output port 





UiCO register’s CRD bit=0 
UiCO register’s CRS bit=0 
PD6 register’s PD6_0 bit=0, PD6_4 bit=0, PD7 register’s PD7_3 bit=0 


UiCO register’s CRD bit=0 
UiCO register’s CRS bit=1 





UiCO register’s CRD bit=1 


Bit set value 





U1C0 register 


UCON register PD6 register 





RCSP | CLKMD1 PD6_4 


Input: 0, Output: 1 





CTS1 





RTS1 





CTSo (Note) 














Note: In addition to this, set the UOCO register’s CRD bit to “O” (CTSo/RTSo 
enabled) and the UOCO register’s CRS bit to “1” (RTSo selected). 
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(1) Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit) 


The transfer clock stops momentarily as CTSi is “H” when the stop bit is checked. 
The transfer clock starts as the transfer starts immediately CTSi changes to “L”. 


Transfer clock 


UiC1 register 
TE bit 


UiC1 register 
TI bit 


hott Stopped pulsing 
Parity: Stop because the TE bit 
bit : bit = ‘0’ 
TxDi : 


UiCO register 
TXEPT bit 


SITIC register 
IR bit 


Cleared to “O” when interrupt request is accepted, or cleared to “O” in a program 


The above timing diagram applies to the case where the register bits are set Te = 16 (n+ 1) /fj or 16 (n + 1) / fexT 
as follows: ; ; fj : frequency of UIBRG count source (f1SIO, f2SIO, f8SIO, f32SI0) 
+ UIMR register PRYE bit = 1 (parity enabled) fEXT : frequency of UIBRG count source (external clock) 
« UIMR register STPS bit = 0 (1 stop bit) n: value set to UIBRG 
- UiCO register CRD bit = 0 (CTS/RTS enabled), CRS bit = 0 (CTS selected) i: 0 to2 
« UiIRS bit = 1 (an interrupt request occurs when transmit completed): . 
UOIRS bit is the UCON register bit 0, U1IRS bit is the UCON 
register bit 1, and U2IRS bit is the U2C1 register bit 4 


(2) Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits) 
Tc 


Transfer clock [| [| | | L| L| LT] [| | L| l| | | [| [| 


UiC1 register Po 5 ; 
TE bit “Q” Write data to the UiTB register 


UiC1 register 


TI bit uae | yw 
i i Transferred from UiTB register to UARTi 
: E ; transmit register 
Start Stop Stop 
_ bit bit bit 


- WE OCC OCC OCA OC OCC OCC TATOO 


UiCO register “qn i 
TXEPT bit ue | 


SITIC register 
IR bit 


\ 7 


Cleared to “O” when interrupt request is accepted, or cleared to “O” in a program 


The above timing diagram applies to the case where the register bits are set Te = 16 (n + 1) / fj or 16 (n + 1) / fext 
as follows: fj : frequency of UiIBRG count source (f1SIO, f2SI0, f8SIO, f32SI0) 
* ne besa Hits on = : pe See fEXT : frequency of UIBRG count source (external clock) 
+ UIMR register it= stop bits : : 
- UiCO register CRD bit = 1 (CTS/RTS disabled) c Ba eeHaBeEne 
+ UIIRS bit = 0 (an interrupt request occurs when transmit buffer becomes empty): : 
UOIRS bit is the UCON register bit 0, U1IRS bit is the UCON 
register bit 1, and U2IRS bit is the U2C1 register bit 4 





Figure 1.19.1. Transmit Operation 
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* Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit) 
UiBRG count 
source 


UiC1 register 
RE bit 


RxDi 


Transfer clock | [as 


UiC1 register “1” is generated by falling edge of start bit register to UIRB register ——p_ 
RI bit “? —— 


Reception triggered when transfer clock Transferred from UARTI receive 


RTSi 


SiRIC register 
IR bit 


tab 


Cleared to “O” when interrupt request is accepted, or cleared to “O” in a program 


The above timing diagram applies to the case where the register bits are set as follows: 
* UiMR register PRYE bit = 0 (parity disabled) 
* UIMR register STPS bit = 0 (1 stop bit) _ 
+ UiCO register CRD bit = 0 (CTSi/RTSi enabled), CRS bit = 1 (RTSi selected) 
i=Oto2 





Figure 1.19.2. Receive Operation 


(a) LSB First/MSB First Select Function 
As shown in Figure 1.19.3, use the UiCO register’s UFORM bit to select the transfer format. This 
function is valid when transfer data is 8 bits long. 


(1) When UiCO register's UFORM bit = 0 (LSB first) 

































































CLKi | 
TXDi st Xf Do X Di X D2 X D3 X D4 X D5 X De X D7 X 
RXDi st § Do X Dt X D2 X D3 X D4 X D5 X De X D7 X 

















(2) When UiCO register's UFORM bit = 1 (MSB first) 





CLKi | | 




































































T™Di ~—»\ ST D7 X De X D5 X D4 X D3 X D2 X Dt X Do X PY SP 
RXD|  ~—-\_ ST Xf D7 X De X D5 X D4 X D3 X D2X D1 X Do X P Y SP 


Note: This applies to the case where the UiCO registers CKPOL bit=0( ST : Start bit 
transmit data output at the falling edge and the receive datataken _—~P : Parity bit 
in at the rising edge of the transfer clock), the UiC1 register’s UILCH SP : Stop bit 
bit = 0 (no reverse), UIMR register's STPS bit = 0 (1 stop bit) and i=Oto2 
UiMR register's PRYE bit = 1 (parity enabled). 














Figure 1.19.3. Transfer Format 
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(b) Serial Data Logic Switching Function 
The data written to the UiTB register has its logic reversed before being transmitted. Similarly, the 
received data has its logic reversed when read from the UiRB register. Figure 1.19.4 shows serial data 
logic. 


(1) When the UiC1 register's UiILCH bit = 0 (no reverse) 


Transferclook | T LE LE LILI LILI LILI LILI LU Ld 
ee ae st {0 {br YX b2 YX bs \ ba J bs X06 (7 PY sP 


(2) When the UiC1 register's UILCH bit = 1 (reverse) 
a 
st {Do X_D1 j D2 }_Ds j D4 X Ds X D6 D7 _P_} sP 
Note: This applies to the case where the UiCO register’s CKPOL bit=0( ST: Start bit 
transmit data output at the falling edge of the transfer clock), the P : Parity bit 
UiCO register's UFORM bit = 0 (LSB first), the UIMR register's SP : Stop bit 


STPS bit = 0 (1 stop bit) and UiMR register's PRYE bit = 1 (parity j=0to2 
enabled). 


Transfer clock 


TxDi 
(reverse) 








Figure 1.19.4. Serial Data Logic Switching 


(c) TxD and RxD I/O Polarity Inverse Function 
This function inverses the polarities of the TXDi pin output and RxDi pin input. The logic levels of all 
input/output data (including the start, stop and parity bits) are inversed. Figure 1.19.5 shows the TxD 
pin output and RxD pin input polarity inverse. 


(1) When the UiMR register's IOPOL bit = 0 (no reverse) 


Transfer clock | 


bey an st {D0 \ Diy b2\ D3 X D4 D5 Dey D7X PY sP 
RxDi “H” T D1 D2 D D4 D D7 P 
xDi st { DOY DIY D2 Dsy D4 y Ds Dey D7Y PYS 


(no reverse) 


(2) When the UiMR register's IOPOL bit = 1 (reverse) 


Transfer clock “H" 


op 
TxDi “H’ 
(reverse)  “L’ 
on 
“ 


ST \ Do DT D2 X D3 X D4 \ Ds \¥ Dek D7 XP} sP 
P 


ST \_D0 j DT j D2 j D3 j_D4 f D5 X06} D7} FP ) SP 


RxDi 
(reverse) 


Note: This applies to the case where the UiCO register's UFORM bit=0 ST: Start bit 
(LSB first), the UiIMR register's STPS bit = 0 (1 stop bit) and the P : Parity bit 


UiMR register's PRYE bit = 1 (parity enabled). ea 





Figure 1.19.5. TxD and RxD I/O Polarity Inverse 
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(d) CTS/RTS Separate Function (UARTO) 
This function separates CTS0/RTSo, outputs RTSo from the P60 pin, and accepts as input the CTSo 
from the P64 pin. To use this function, set the register bits as shown below. 
* UOCO register's CRD bit = 0 (enables UARTO CTS/RTS) 
* UOCO register's CRS bit = 1 (outputs UARTO RTS) 
* U1CO register's CRD bit = 0 (enables UART1 CTS/RTS) 
* U1CO register's CRS bit = 0 (inputs UART1 CTS) 
* UCON register's RCSP bit = 1 (inputs CTSo from the P64 pin) 
* UCON register's CLKMD1 bit = 0 (CLKS1 not used) 
Note that when using the CTS/RTS separate function, UART1 CTS/RTS separate function cannot be 
used. 


0 
0 


Microcomputer 
TxDo (P63) 
RxDo (P62) 








RTSo (P60) 
CTSo (P64) 











Figure 1.19.6. CTS/RTS Separate Function 
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Special Mode 1 (I2C mode) 
l2C mode is provided for use as a simplified I2C interface compatible mode. Table 1.20.1 lists the speci- 
fications of the I2C mode. Table 1.20.2 lists the registers used in the I2C mode and the register values 
set. Figure 1.20.1 shows the block diagram for I?C mode. Figure 1.20.2 shows SCLi timing. 


As shown in Table 1.20.3, the microcomputer is placed in I2C mode by setting the SMD2 to SMD0 bits to 
‘0102’ and the IICM bit to “1”. Because SDAi transmit output has a delay circuit attached, SDAi output 
does not change state until SCLi goes low and remains stably low. 


Table 1.20.1. I2?C Mode Specifications 


Item Specification 


Transfer data format 


¢ Transfer data length: 8 bits 





Transfer clock 


¢ During master 

UiMR(i=0 to 2) register’s CKDIR bit = “O” (internal clock) : fj/ 2(n+1) 

fj = f1SIO, f2sio, fasio, f32sio. n: Setting value of UIBRG register 0016 to FFi6 
* During slave 

CKDIR bit = “1” (external clock) : Input from SCLi pin 





Transmission start condition 


* Before transmission can start, the following requirements must be met (Note 1) 
— The TE bit of UiC1 register= 1 (transmission enabled) 
— The TI bit of UiC1 register = 0 (data present in UiTB register) 





Reception start condition 


¢ Before reception can start, the following requirements must be met (Note 1) 
~The RE bit of UiC1 register= 1 (reception enabled) 

— The TE bit of UiC1 register= 1 (transmission enabled) 

— The TI bit of UiC1 register= 0 (data present in the UiTB register) 





Interrupt request 
generation timing 


When start or stop condition is detected, acknowledge undetected, and acknowledge 
detected 





Error detection 


* Overrun error (Note 2) 
This error occurs if the serial I/O started receiving the next data before reading the 
UiRB register and received the 8th bit of the next data 





Select function 








¢ Arbitration lost 

Timing at which the UiRB register’s ABT bit is updated can be selected 
* SDAi digital delay 

No digital delay or a delay of 2 to 8 UiBRG count source clock cycles selectable 
* Clock phase setting 

With or without clock delay selectable 


Note 1: When an external clock is selected, the conditions must be met while the external clock is in the 


high state. 


Note 2: If an overrun error occurs, the value of UiIRB register will be indeterminate. The IR bit of SiRIC 
register does not change. 
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Start and stop condition generation block 
DMAO, DMA1 request 


<p DeRy Pcie (UART1: DMAO only) 
<i} 
reuit_| 9 SCLsTSP 
2 STSPSEL=0 ee 
Q Transmission UARTI transmit, 
ACK=1 ACK=0 NACK interrupt 
IICM=1 and request 
IICM2=0 


ACKD register 


Noise 
> Filter 


DMAO 
(UARTO, UART2) 





UARTI receive, 
ACK interrupt request, 
DMA1 request 








IICM=1 and 
Start condition IICM2=0 


detection 


Stop condition 
detection 


Falling edge 
detection 
O : a Q 
O<] IICM=0 Port register 


V/O port (Note) 9th bit 
o 6STSPSEL=0 Internal clock 
9 C 











UARTI? <] CLK Start/stop condition detection 
a STSPSEL=1| External control interrupt request 


Noise 
) > Filter UARTI 
He 9th bit falling edge 
S}-0<] SWC 


This diagram applies to the case where the UiMR register's SMD2 to SMDO bits = 0102 and the UISMR register's IICM bit = 1. 


ICM : UISMR register bit 
IICM2, SWC, ALS, SWC2, SDHI : UISMR2 register bit 
STSPSEL, ACKD, ACKC : UISMR4 register bit 











i=0 to 2 
Note: If the IICM bit = 1, the pin can be read even when the PD6_2, PD6_6 or PD7_1 bit = 1 (output mode). 





Figure 1.20.1. I?C Mode Block Diagram 
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Table 1. 20.2. Registers to Be Used and Settings in I?C Mode (1) (Continued) 
i Function 


Register 


Oto 7 





Master 
Set transmission data 


Set transmission data 





Oto 7 


Reception data can be read 


Reception data can be read 





8 


ACK or NACK is set in this bit 


ACK or NACK is set in this bit 





ABT 


Arbitration lost detection flag 


Invalid 





OER 


Overrun error flag 


Overrun error flag 





Oto 7 


Set a transfer rate 


Invalid 





SMD2 to SMDO 


Set to ‘0102’ 


Set to ‘0102’ 





CKDIR 


Set to “O” 


Set to “1” 





IOPOL 


Set to “O” 


Set to “O” 





CLK1, CLKO 


Select the count source for the UiBRG 
register 


Invalid 





CRS 


Invalid because CRD = 1 


Invalid because CRD = 1 





TXEPT 


Transmit buffer empty flag 


Transmit buffer empty flag 





CRD 


Set to “1” 


Set to “1” 





NCH 


Set to “1°2 


Set to “12 





CKPOL 


Set to “O” 


Set to “O” 





UFORM 


Set to “1” 


Set to “1” 





TE 


Set this bit to “1” to enable transmission 


Set this bit to “1” to enable transmission 





TI 


Transmit buffer empty flag 


Transmit buffer empty flag 





RE 


Set this bit to “1” to enable reception 


Set this bit to “1” to enable reception 





Rl 


Reception complete flag 


Reception complete flag 





U2IRS! 


Invalid 


Invalid 





U2RRM!, 
UiLCH, UiIERE 


Set to “O” 


Set to “O” 





ICM 


Set to “1” 


Set to “1” 





ABC 


Select the timing at which arbitration-lost 
is detected 


Invalid 





BBS 


Bus busy flag 


Bus busy flag 





3 to 7 


Set to “O” 


Set to “O” 





UiISMR2 


IICM2 


Refer to “Table 1.20.4. I2C Mode Functions” 


Refer to “Table 1.20.4. I2C Mode Functions” 





CSC 


Set this bit to “1” to enable clock 
synchronization 


Set to “O” 





SWC 


Set this bit to “1” to have SCLi output 
fixed to “L” at the falling edge of the 9th 
bit of clock 


Set this bit to “1” to have SCLi output 
fixed to “L” at the falling edge of the 9th 
bit of clock 





ALS 


Set this bit to “1” to have SDAi output 
stopped when arbitration-lost is detected 


Set to “O” 





STAC 


Set to “O” 


Set this bit to “1” to initialize UARTi at 
start condition detection 





SWC2 


Set this bit to “1” to have SCLi output 
forcibly pulled low 


Set this bit to “1” to have SCLi output 
forcibly pulled low 





SDHI 


Set this bit to “1” to disable SDAi output 


Set this bit to “1” to disable SDAi output 





7 


Set to “O” 


Set to “O” 





UISMR3 


i=0 to 2 
Notes: 


1. Set the UOC1 and U1C1 register bit 4 and bit 5 to “O”. The UOIRS, U1IRS, UORRM and U1RRM bits are 


0, 2, 4 and NODC 


Set to “O” 


Set to “O” 





CKPH 


Refer to “Table 1.20.4. I2C Mode Functions” 


Refer to “Table 1.20.4. 12C Mode Functions” 








DL2 to DLO 


in the UCON register. 
2. TxD2 pin is N channel open-drain output. Set the NCH bit in the U2CO register to “O”. 
3. Not all register bits are described above. Set those bits to “0” when writing to the registers in I2C mode. 
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Table 1. 20. 3. Registers to Be Used and Settings in I?C Mode (2) (Continued) 
Register I Function 

Master 

UISMR4 | STAREQ Set this bit to “1” to generate start Set to “ 

condition 

RSTAREQ Set this bit to “1” to generate restart Set to “ 

condition 

STPREQ Set this bit to “1” to generate stop Set to “O” 

condition 

STSPSEL Set this bit to “1” to output each condition} Set to “0” 

ACKD Select ACK or NACK Select ACK or NACK 

ACKC Set this bit to “1” to output ACK data Set this bit to “1” to output ACK data 

SCLHI Set this bit to “1” to have SCLi output Set to “O” 

stopped when stop condition is detected 

SWC9 Set to “0” Set this bit to “1” to set the SCLi to “L” 

hold at the falling edge of the 9th bit of 

clock 

IFSR2A |IFSR26, ISFR27 | Set to “1” Set to “1” 

UCON  |UOIRS, U1IRS Invalid Invalid 

2 to 7 Set to “0” Set to “O” 















































i=0 to 2 
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Table 1.20.4. I?C Mode Functions 
Function Clock synchronous serial I/O l2C mode (SMD2 to SMDO = 0102, IICM = 1) 


mode (SMD2 to SMDO = 0012, []iGm2=0 IICM2 = 1 

I=) (NACK/ACK interrupt) (UART transmit/ receive interrupt) 
CKPH = 0 CKPH = 1 CKPH = 0 CKPH = 1 
(No clock delay) | (Clock delay) | (No clock delay) (Clock delay) 


Factor of interrupt number Start condition detection or stop condition detection 
6, 7 and 10 (Note 1, 5, 7) (Refer to “Table 1.20.5. STSPSEL Bit Functions”) 


Factor of interrupt number | UARTi transmission No acknowledgment UARTI transmission} UARTi transmission 
15,17 and 19 (Note 1,6) |Transmission started or detection (NACK) Rising edge of Falling edge of SCLi 
completed (selected by UiIRS) | Rising edge of SCLi 9th bit SCLi 9th bit next to the 9th bit 
Factor of interrupt number | UARTi reception Acknowledgment detection UARTI reception 
16, 18 and 20 (Note 1,6) |When 8th bit received (ACK) Falling edge of SCLi 9th bit 
CKPOL = 0 (rising edge) Rising edge of SCLi 9th bit 
CKPOL = 1 (falling edge) 
Timing for transferring data}CKPOL = 0 (rising edge) Rising edge of SCLi 9th bit Falling edge of Falling and rising 
from the UART reception |CKPOL = 1 (falling edge) SCLi 9th bit edges of SCLi 9th 


shift register to the UiRB bit 
register 


UARTIi transmission output |Not delayed Delayed 

delay 

Functions of P63, P67 and |TxDi output SDAi input/output 

P7o pins 

Functions of P62, P66 and |RxDi input SCLi input/output 

P71 pins 

Functions of P61, P65 and | CLKi input or output selected (Cannot be used in |2C mode) 
P72 pins 


Read RxDi and SCLi pin | Possible when the Always possible no matter how the corresponding port direction bit is set 
levels corresponding port direction bit 
=0 
Initial value of TxDi and CKPOL = 0 (H) The value set in the port register before setting I2C mode (Note 2) 
SDAi outputs CKPOL = 1 (L) 
Initial and end values of H L H L 
SCLi 
DMA1 factor (Refer to Fig |UARTi reception Acknowledgment detection UARTI reception 
1.20.2) (ACK) Falling edge of SCLi 9th bit 


Store received data 1st to 8th bits are stored in 1st to 8th bits are stored in 1st to 7th bits are stored in UiRB register 
UiRB register bit 0 to bit 7 UiRB register bit 7 to bit 0 bit 6 to bit 0, with 8th bit stored in UIRB 
register bit 8 


1st to 8th bits are 
stored in UiRB 
register bit 7 to bit 0 
(Note 3) 

Read received data UiRB register status is read Read UiRB register 

directly as is Bit 6 to bit 0 as bit 7 

to bit 1, and bit 8 as 
bit 0 (Note 4) 





i=Oto2 

Note 1: If the source or cause of any interrupt is changed, the IR bit in the interrupt control register for the changed interrupt may 
inadvertently be set to “1” (interrupt requested). (Refer to “precautions for interrupts” of the Usage Notes Reference Book.) 
If one of the bits shown below is changed, the interrupt source, the interrupt timing, etc. change. Therefore, always be sure to 
clear the IR bit to “O” (interrupt not requested) after changing those bits. 
SMD2 to SMDO bits in the UiMR register, IICM bit in the UISMR register, IICM2 bit in the UISMR2 register, CKPH bit in the 
UiSMR3 register 

Note 2: Set the initial value of SDAi output while the UIMR register’s SMD2 to SMDO bits = ‘0002’ (serial I/O disabled). 

Note 3: Second data transfer to UIRB register (Rising edge of SCLi 9th bit) 

Note 4: First data transfer to UIRB register (Falling edge of SCLi 9th bit) 

Note 5: Refer to “Figure 1.20.4. STSPSEL Bit Functions”. 

Note 6: Refer to “Figure 1.20.2. Transfer to UiIRB Register and Interrupt Timing”. 

Note 7: When using UARTO, be sure to set the IFSR26 bit in the IFSR2A register to “1” (cause of interrupt: UARTO bus collision). 
When using UART1, be sure to set the IFSR26 bit in the IFSR2A register to “1” (cause of interrupt: UART1 bus collision). 
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(1) IICM2= 0 (ACK and NACK interrupts), CKPH= 0 (no clock delay) 


1st bit 2nd bit 3rd bit 4th bit Sth bit 6th bit 7th bit 8th bit 9th bit 
























































SCLi 


spAi __X D7 X De X Ds X D4 X D3 X D2 X D1 X Do X Da (ACK, NACK) 
A 


ACK interrupt (DMA1 request), 
NACK interrupt 
ry 














Transfer to UIRB register 


bi5 b9 b& b7 





D8| D7| D6} D5} D4} D3} D2 












































UiRB register 


(2) IICM2= 0, CKPH= 1 (clock delay) 


1st bit 2nd bit 3rd bit 4th bit Sth bit 6th bit 7th bit 8th bit 9th bit 



























































SCLi 


spAi _ X D7 X De X Ds X D4 X D3 X D2 X D1 X Do X Ds (ACK, NACK) 
f 


ACK interrupt (DMA1 request), 
NACK interrupt 











Transfer to UIRB register 
b15 b9 b8 b7 
D8| D7} Dé} D5} D4 


UiRB regis 















































(3) IICM2= 1 (UART transmit/receive interrupt), CKPH= 0 


1st bit 2nd bit 3rd bit 4th bit Sth bit 6th bit 7th bit 8th bit 9th bit 





















































SCLi 


spai _ X D7 X De X Ds X D4 X D3 X D2 X Di X Do X Da (ACK, NACK) 
A 


A 














Receive interrupt Transmit interrupt 
(DMA1 request Q 


A 





Transfer to UIRB register 


b15 b9 =b8 = b7 
DO| — | D7| D6] DS} D4} D3 















































UiRB register 


(4) IICM2= 1, CKPH= 1 


Ast bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit 


























SCLi 


spai _ X D7 X De X Ds X D4 X D3 X D2 X D1 X Do X D8 (ACK, NACK) 
i 


Receive interrupt Transmit interrupt 
(DMA1 request) 









































A 


Transfer to UIRB register Transfer to UiRB register 


b15 b9 b8 b7 bO b15 b9 =b8 b7 
Do| — | D7| D6} D5} D4} D3 D1 we D8] D7] Dé] D5] D4} D3} D2 


UiRB register UiRB register 






















































































i=0 to 2 


This diagram applies to the case where the following condition is met. 
« UIMR register CKDIR bit = 0 (Slave selected) 





Figure 1.20.2. Transfer to UiRB Register and Interrupt Timing 
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¢ Detection of Start and Stop Condtion 
Whether a start or a stop condition has been detected is determined. 
A start condition-detected interrupt request is generated when the SDAi pin changes state from high to 
low while the SCLi pin is in the high state. A stop condition-detected interrupt request is generated 
when the SDAi pin changes state from low to high while the SCLi pin is in the high state. 
Because the start and stop condition-detected interrupts share the interrupt control register and vec- 
tor, check the UISMR register’s BBS bit to determine which interrupt source is requesting the interrupt. 


3 to 6 cycles < duration for setting-up (Note) 


3 to 6 cycles < duration for holding (Note) 


Duration for Duration for 


settingup holding 
SCLi 


SDAi 


(Start condition) | 


SDA i ; 
(Stop condition) 


i=Oto2 
Note: When the PCLKR register's PCLK1 bit = 1, this is the cycle number of 
f1SIO, and the PCLK1 bit = 0, this is the cycle number of f2sio. 





Figure 1.20.3. Detection of Start and Stop Condition 


¢ Output of Start and Stop Condition 
A start condition is generated by setting the UISMR4 register (i = 0 to 2)’s STAREQ bit to “1” (start). 
A restart condition is generated by setting the UISMR4 register’s RSTAREQ bit to “1” (start). 
A stop condition is generated by setting the UISMR4 register’s STPREQ bit to “1” (start). 
The output procedure is described below. 
(1) Set the STAREQ bit, RSTAREQ bit or STPREQ bit to “1” (start). 
(2) Set the STSPSEL bit in the UISMR4 register to “1” (output). 
The function of the STSPSEL bit is shown in Table 1.20.5 and Figure 1.20.4. 
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Table 1.20.5. STSPSEL Bit Functions 

Function STSPSEL = 0 STSPSEL = 1 

Output of SCLi and SDAi pins Output of transfer clock and Output of a start/stop condition 
data according to the STAREQ, 
Output of start/stop condition is | RSTAREQ and STPREQ bit 
accomplished by a program 
using ports (not automatically 
generated in hardware) 
Star/stop condition interrupt Start/stop condition detection Finish generating start/stop condi- 
request generation timing tion 











(1) When slave 
CKDIR=1 (external clock) 


STSPSEL bit OO 
“4st 2nd 3rd 4th Sth 6th 7th 8th 9thbit CS 


SCLi 
SDAi 


Start ss Stop dee 
detection interrupt detection interrupt 


(2) When master 
CKDIR=0 (internal clock), CKPH=1 (clock delayed) 


stspseLbt [ Lo  —CO—C JF t—~i™]) 


Set to “1”in Set to “O” in Set to “1”in Set to “O” in 
a program a program a program a program 
1st 2nd 3rd 4th 5th 6th 7th 8th 9th bit 


SCLi 
SDAi 


Set Uae 1 Set oad 1 


(start) Start condition (start) 
detection interrupt 


Figure 1.20.4. STSPSEL Bit Functions 


wal condition 
detection interrupt 





¢ Arbitration 

Unmatching of the transmit data and SDAi pin input data is checked synchronously with the rising 
edge of SCLi. Use the UISMR register’s ABC bit to select the timing at which the UiRB register’s ABT 
bit is updated. If the ABC bit = 0 (updated bitwise), the ABT bit is set to “1” at the same time 
unmatching is detected during check, and is cleared to “O” when not detected. In cases when the ABC 
bit is set to “1”, if unmatching is detected even once during check, the ABT bit is set to “1” (unmatching 
detected) at the falling edge of the clock pulse of 9th bit. If the ABT bit needs to be updated bytewise, 
clear the ABT bit to “O” (undetected) after detecting acknowledge in the first byte, before transferring 
the next byte. 

Setting the UISMR2 register’s ALS bit to “1” (SDA output stop enabled) causes arbitration-lost to 
occur, in which case the SDAi pin is placed in the high-impedance state at the same time the ABT bit 
is set to “1” (unmatching detected). 
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- Transfer Clock 
Data is transmitted/received using a transfer clock like the one shown in Figure 1.20.4. 
The UiSMR2 register’s CSC bit is used to synchronize the internally generated clock (internal SCLi) 
and an external clock supplied to the SCLi pin. In cases when the CSC bit is set to “1” (clock synchro- 
nization enabled), if a falling edge on the SCLi pin is detected while the internal SCLi is high, the 
internal SCLi goes low, at which time the UiIBRG register value is reloaded with and starts counting in 
the low-level interval. If the internal SCLi changes state from low to high while the SCLi pin is low, 
counting stops, and when the SCLi pin goes high, counting restarts. 
In this way, the UARTi transfer clock is comprised of the logical product of the internal SCLi and SCLi 
pin signal. The transfer clock works from a half period before the falling edge of the internal SCLi 1st 
bit to the rising edge of the 9th bit. To use this function, select an internal clock for the transfer clock. 
The UiISMR2 register’s SWC bit allows to select whether the SCLi pin should be fixed to or freed from 
low-level output at the falling edge of the 9th clock pulse. 
If the UISMR4 register’s SCLHI bit is set to “1” (enabled), SCLi output is turned off (placed in the high- 
impedance state) when a stop condition is detected. 
Setting the UISMR2 register’s SWC2 bit = 1 (0 output) makes it possible to forcibly output a low-level 
signal from the SCLi pin even while sending or receiving data. Clearing the SWC2 bit to “O” (transfer 
clock) allows the transfer clock to be output from or supplied to the SCLi pin, instead of outputting a 
low-level signal. 
If the UISMR4 register’s SWC9 bit is set to “1” (SCL hold low enabled) when the UISMR3 register’s 
CKPH bit = 1, the SCLi pin is fixed to low-level output at the falling edge of the clock pulse next to the 
ninth. Setting the SWC9 bit = 0 (SCL hold low disabled) frees the SCLi pin from low-level output. 


SDA Output 

The data written to the UiTB register bit 7 to bit 0 (D7 to Do) is sequentially output beginning with D7. 
The ninth bit (Ds) is ACK or NACK. 

The initial value of SDAi transmit output can only be set when IICM = 1 (I2C mode) and the UiMR 
register’s SMD2 to SMDO bits = ‘0002’ (serial I/O disabled). 

The UiSMR3 register’s DL2 to DLO bits allow to add no delays or a delay of 2 to 8 UIBRG count source 
clock cycles to SDAi output. 

Setting the UISMR2 register’s SDHI bit = 1 (SDA output disabled) forcibly places the SDAi pin in the 
high-impedance state. Do not write to the SDHI bit synchronously with the rising edge of the UARTi 
transfer clock. This is because the ABT bit may inadvertently be set to “1” (detected). 


SDA Input 

When the IICM2 bit = 0, the 1st to 8th bits (D7 to Do) of received data are stored in the UiRB register bit 
7 to bit 0. The 9th bit (Ds) is ACK or NACK. 

When the IICM2 bit = 1, the 1st to 7th bits (D7 to D1) of received data are stored in the UiRB register bit 
6 to bit 0 and the 8th bit (Do) is stored in the UiRB register bit 8. Even when the IICM2 bit = 1, providing 
the CKPH bit = 1, the same data as when the IICM2 bit = 0 can be read out by reading the VIRB 
register after the rising edge of the corresponding clock pulse of 9th bit. 
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* ACK and NACK 
If the STSPSEL bit in the UISMR4 register is set to “O” (start and stop conditions not generated) and 
the ACKC bit in the UISMR4 register is se to “1” (ACK data output), the value of the ACKD bit in the 
UISMR4 register is output from the SDAi pin. 
If the IICM2 bit = 0, a NACK interrupt request is generated if the SDAi pin remains high at the rising 
edge of the 9th bit of transmit clock pulse. An ACK interrupt request is generated if the SDAi pin is low 
at the rising edge of the 9th bit of transmit clock pulse. 
If ACKi is selected for the cause of DMA1 request, a DMA transfer can be activated by detection of an 
acknowledge. 


- Initialization of Transmission/Reception 

If a start condition is detected while the STAC bit = 1 (UARTiI initialization enabled), the serial I/O 

operates as described below. 

- The transmit shift register is initialized, and the content of the UiTB register is transferred to the 
transmit shift register. In this way, the serial I/O starts sending data synchronously with the next 
clock pulse applied. However, the UARTi output value does not change state and remains the same 
as when a start condition was detected until the first bit of data is output synchronously with the input 
clock. 

- The receive shift register is initialized, and the serial I/O starts receiving data synchronously with the 
next clock pulse applied. 

- The SWC bit is set to “1” (SCL wait output enabled). Consequently, the SCLi pin is pulled low at the 
falling edge of the ninth clock pulse. 

Note that when UARTIi transmission/reception is started using this function, the Tl does not change 

state. Note also that when using this function, the selected transfer clock should be an external clock. 
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Special Mode 2 


Multiple slaves can be serially communicated from one master. Transfer clock polarity and phase are 
selectable. Table 1.20.6 lists the specifications of Special Mode 2. Table 1.20.7 lists the registers used in 
Special Mode 2 and the register values set. Figure 1.20.5 shows communication control example for 


Special Mode 2. 


Table 1.20.6. Special Mode 2 Specifications 


Item Specification 


Transfer data format 


¢ Transfer data length: 8 bits 





Transfer clock 


« Master mode 

UiMR(i=0 to 2) register’s CKDIR bit = “O” (internal clock) : fj/ 2(n+1) 

fj = fiSlO, f2sio, fasio, f32sio. n: Setting value of UiIBRG register 0016 to FFi6 
* Slave mode 

CKDIR bit = “1” (external clock selected) : Input from CLKi pin 





Transmit/receive control 


Controlled by input/output ports 





Transmission start condition 


¢ Before transmission can start, the following requirements must be met (Note 1) 
— The TE bit of UiC1 register= 1 (transmission enabled) 
— The TI bit of UiC1 register = 0 (data present in UiTB register) 





Reception start condition 


¢ Before reception can start, the following requirements must be met (Note 1) 
— The RE bit of UiC1 register= 1 (reception enabled) 

— The TE bit of UiC1 register= 1 (transmission enabled) 

— The TI bit of UiC1 register= 0 (data present in the UITB register) 





Interrupt request 
generation timing 


¢ For transmission, one of the following conditions can be selected 

— The UiIRS bit of UiC1 register = 0 (transmit buffer empty): when transferring data 
from the UiTB register to the UARTi transmit register (at start of transmission) 

— The UilRS bit =1 (transfer completed): when the serial I/O finished sending data from 
the UARTIi transmit register 

* For reception 

When transferring data from the UARTIi receive register to the UIRB register (at 
completion of reception) 





Error detection 


* Overrun error (Note 2) 
This error occurs if the serial I/O started receiving the next data before reading the 
UiRB register and received the 7th bit of the next data 





Select function 








* Clock phase setting 
Selectable from four combinations of transfer clock polarities and phases 


Note 1: When an external clock is selected, the conditions must be met while if the UiCO register’s CKPOL bit = “O” 
(transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer clock), 
the external clock is in the high state; if the UiCO registers CKPOL bit = “1” (transmit data output at the rising 
edge and the receive data taken in at the falling edge of the transfer clock), the external clock is in the low 


state. 


Note 2: If an overrun error occurs, the value of UiRB register will be indeterminate. The IR bit of SIRIC register does 


not change. 
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P72(CLKa) 
P71(RxD2) 
P70(TxDz) 


Microcomputer 


P93 
P72(CLKa) 
P71(RxD2) 
P70(TxDz) 


Microcomputer 


(Master) (Slave) 


P93 
P72(CLK2) 
P71(RxD2) 
P70(TxDz) 


Microcomputer 
(Slave) 





Figure 1.20.5. Serial Bus Communication Control Example (UART2) 
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Table 1. 20. 7. Registers to Be Used and Settings in Special Mode 2 






















































































Note 1: Set the UOCO and U1C1 register bit 4 and bit 5 to “O”. The UOIRS, U1IRS, UORRM and U1RRM bits 

















Register Bit Function 
UiTB(Note3) | 0 to 7 Set transmission data 
UiRB(Note3)| 0 to 7 Reception data can be read 
OER Overrun error flag 
UiBRG 0to7 Set a transfer rate 
UiMR(Note3)} SMD2 to SMDO Set to ‘0012’ 
CKDIR Set this bit to “O” for master mode or “1” for slave mode 
IOPOL Set to “0” 
UiCO CLK1, CLKO Select the count source for the UiBRG register 
CRS Invalid because CRD = 1 
TXEPT Transmit register empty flag 
CRD Set to “1” 
NCH Select TxDi pin output format(Note 2) 
CKPOL Clock phases can be set in combination with the UiSMR3 register's CKPH bit 
UFORM Set to “0” 
UiC1 TE Set this bit to “1” to enable transmission 
Tl Transmit buffer empty flag 
RE Set this bit to “1” to enable reception 
RI Reception complete flag 
U2IRS (Note 1) Select UART2 transmit interrupt cause 
U2RRM(Note 1), Set to “0” 
U2LCH, UiIERE 
UiISMR 0to7 Set to “0” 
UiSMR2 0to7 Set to “0” 
UiSMR3 CKPH Clock phases can be set in combination with the UiCO register's CKPOL bit 
NODC Set to “0” 
0,2,4to7 Set to “0” 
UISMR4 | O0to7 Set to “0” 
UCON UOIRS, U1IRS Select UARTO and UART1 transmit interrupt cause 
UORRM, U1RRM | Set to “0” 
CLKMDO Invalid because CLKMD1 = 0 
CLKMD1, RCSP, 7| Set to “O” 


are in the UCON register. 
Note 2: TxD2 pin is N channel open-drain output. Set the U2CO register's NCH bit to “O”. 


Note 3: Not all register bits are described above. Set those bits to “O” when writing to the registers in Special 


Mode 2. 


i=Oto2 
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¢ Clock Phase Setting Function 
One of four combinations of transfer clock phases and polarities can be selected using the UISMR3 
registers CKPH bit and the UiCO register’s CKPOL bit. 
Make sure the transfer clock polarity and phase are the same for the master and salves to be commu- 
nicated. 


(a) Master (Internal Clock) 
Figure 1.20.6 shows the transmission and reception timing in master (internal clock). 


(b) Slave (External Clock) 
Figure 1.20.7 shows the transmission and reception timing (CKPH=0) in slave (external clock) while 
Figure 1.20.8 shows the transmission and reception timing (CKPH=1) in slave (external clock). 


Clock output 
(CKPOL=0, CKPH=0) "L" 


Clock output ° 
(CKPOL=1, CKPH=0) "L" 


Clock output “8 
(CKPOL=0, CKPH=1) »L» 


Clock output 
(CKPOL=1, CKPH=1) "L" 


— "He 
Data input timing ‘ f ‘ f i f ft ft 


Figure 1.20.6. Transmission and Reception Timing in Master Mode (Internal Clock) 
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Slave control input 


Clock input 
(CKPOL=0, CKPH=0) "L" 


Clock input "H" 
(CKPOL=1, CKPH=0) "L" 


ee oreo) Aa XOX Ot X_02 bs X_o« X vs X ps Xo) 
(Note) "L" 
Data input timing Indeterminate f f ‘ f ‘ f i f 


Note :UART2 output is an N-channel open drain and must be pulled-up externally. 





Figure 1.20.7. Transmission and Reception Timing (CKPH=0) in Slave Mode (External Clock) 


Slave control input 


Clock input 
(CKPOL=0, CKPH=1) "L" 


Clock input H 
(CKPOL=1, CKPH=1) "L" 


patzcuputiing {oe X or eX oo XoXo Ko Kor ) 
Data input timing f i f ‘ fi i f 


Note :UART2 output is an N-channel open drain and must be pulled-up externally. 





Figure 1.20.8. Transmission and Reception Timing (CKPH=1) in Slave Mode (External Clock) 
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Special Mode 3 (IE mode) 


In this mode, one bit of IEBus is approximated with one byte of UART mode waveform. 

Table 1.20.8 lists the registers used in IE mode and the register values set. Figure 1.20.9 shows the 
functions of bus collision detect function related bits. 

If the TxDi pin (i = 0 to 2) output level and RxDi pin input level do not match, a UARTi bus collision detect 
interrupt request is generated. 

Use the IFSR2A register’s IFSR26 and IFSR27 bits to enable the UART0O/UART1 bus collision detect 


function. 


Table 1. 20. 8. Registers to Be Used and Settings in IE Mode 











































































































Register Bit Function 

UiTB 0 to 8 Set transmission data 

UiIRB(Note3) | 0 to 8 Reception data can be read 
OER,FER,PER,SUM | Error flag 

UiBRG 0 to 7 Set a transfer rate 

UiMR SMD2 to SMDO Set to ‘1102’ 
CKDIR Select the internal clock or external clock 
STPS Set to “0” 
PRY Invalid because PRYE=0 
PRYE Set to “0” 
IOPOL Select the TxD/RxD input/output polarity 

UiCO CLK1, CLKO Select the count source for the UiBRG register 
CRS Invalid because CRD=1 
TXEPT Transmit register empty flag 
CRD Set to “1” 
NCH Select TxDi pin output mode (Note 2) 
CKPOL Set to “0” 
UFORM Set to “0” 

UiC1 TE Set this bit to “1” to enable transmission 
Tl Transmit buffer empty flag 
RE Set this bit to “1” to enable reception 
RI Reception complete flag 
U2IRS (Note 1) Select the source of UART2 transmit interrupt 
UIRRM (Note 1), Set to “0” 
UiLCH, UiERE 

UISMR 0 to 3,7 Set to “0” 
ABSCS Select the sampling timing at which to detect a bus collision 
ACSE Set this bit to “1” to use the auto clear function of transmit enable bit 
SSS Select the transmit start condition 

UISMR2 0to7 Set to “0” 

UISMR3 0to7 Set to “0” 

UISMR4 0to7 Set to “0” 

IFSR2A IFSR26, IFSR27 Set to “1” 

UCON UOIRS, U1IRS Select the source of UART0/UART1 transmit interrupt 
UORRM, U1RRM _| Set to “0” 
CLKMDO Invalid because CLKMD1 = 0 
CLKMD1,RCSP,7_ | Set to “0” 








Note 1: Set the UOCO and U1C1 registers bit 4 and bit 5 to “0”. The UOIRS, U1IRS, UORRM and U1RRM bits 
are in the UCON register. 

Note 2: TxD2 pin is N channel open-drain output. Set the U2CO register's NCH bit to “O”. 

Note 3: Not all register bits are described above. Set those bits to “O” when writing to the registers in IE mode. 


i= Oto 2 
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(1) UiSMR register ABSCS bit (bus collision detect sampling clock select) 


If ABSCS=0, bus collision is determined at the rising edge of the transfer clock 


Transfer clock | i” in {| Tut f | i) ia Jl Il Tu 


D1 
TxDi 


RxDi 











Input to TAjIN 


Timer Aj 


If ABSCS=1, bus collision is determined when timer 
Aj (one-shot timer mode) underflows. 


Timer Aj: timer A3 when UARTO; timer A4 when UART1; timer AO when UART2 


(2) UISMR register ACSE bit (auto clear of transmit enable bit) 


Transfer clock | i” Jl it 1 del iia ei f | a Il ae 


D1 





TxDi 


RxDi 
UiBCNIC register If ACSE bit = 1 (automatically 


IR bit (Note) clear when bus collision occurs), 
the TE bit is cleared to “0” 
: : (transmission disabled) when 
UiC1 register the UiBCNIC register’s IR bit = 1 


TE bit TT (unmatching detected). 


Note: BCNIC register when UART2. 














(3) UISMR register SSS bit (Transmit start condition select) 
If SSS bit = 0, the serial I/O starts sending data one transfer clock cycle after the transmission enable condition is met. 


Transfer clock 1 f | id vl f | ru f | Put f | fl Plt 


D1 


TxDi 


Transmission enable condition is met 








If SSS bit = 1, the serial I/O starts sending data at the rising edge (Note 1) of RxDi 


ee eer 


ST DO D1 D2 








a 


Note 1: The falling edge of RxDi when IOPOL=0; the rising edge of RxDi when IOPOL =1. 
Note 2: The transmit condition must be met before the falling edge (Note 1) of RxD. 


This diagram applies to the case where IOPOL=1 (reversed). 





Figure 1.20.9. Bus Collision Detect Function-Related Bits 
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Special Mode 4 (SIM Mode) (UART2) 


Based on UART mode, this is an SIM interface compatible mode. Direct and inverse formats can be 
implemented, and this mode allows to output a low from the TxD2 pin when a parity error is detected. 
Tables 1.20.9 lists the specifications of SIM mode. Table 1.20.10 lists the registers used in the SIM mode 
and the register values set. 


Table 1.20.9. SIM Mode Specifications 


Transfer data format 


¢ Direct format 
¢ Inverse format 





Transfer clock 


* U2MR registers CKDIR bit = “O” (internal clock) : fi/ 16(n+1) 

fi = f1SIO, f2sio, fasio, f32sio. n: Setting value of U2BRG register 0016 to FFi6 
« CKDIR bit = “1” (external clock) : fEXT/16(n+1) 

fEXT: Input from CLK2 pin. n: Setting value of U2BRG register 0016 to FF16 





Transmission start condition 


¢ Before transmission can start, the following requirements must be met 
— The TE bit of U2C1 register= 1 (transmission enabled) 
— The TI bit of U2C1 register = 0 (data present in U2TB register) 





Reception start condition 


* Before reception can start, the following requirements must be met 
— The RE bit of U2C1 register= 1 (reception enabled) 
— Start bit detection 





Interrupt request 
generation timing 


(Note 2) 


* For transmission 
When the serial I/O finished sending data from the U2TB transfer register (U2IRS bit =1) 
¢ For reception 
When transferring data from the UART2 receive register to the U2RB register (at 
completion of reception) 





Error detection 








¢ Overrun error (Note 1) 
This error occurs if the serial I/O started receiving the next data before reading the 
U2RB register and received the bit one before the last stop bit of the next data 

* Framing error 
This error occurs when the number of stop bits set is not detected 

* Parity error 
During reception, if a parity error is detected, parity error signal is output from the 
TxD2 pin. 
During transmission, a parity error is detected by the level of input to the RxD2 pin 
when a transmission interrupt occurs 

¢ Error sum flag 
This flag is set (= 1) when any of the overrun, framing, and parity errors is encountered 


Note 1: If an overrun error occurs, the value of U2RB register will be indeterminate. The IR bit of S2RIC 
register does not change. 

Note 2: A transmit interrupt request is generated by setting the U2C1 register U2IRS bit to “1” (transmission 
complete) and U2ERE bit to “1” (error signal output) after reset. Therefore, when using SIM mode, 
be sure to clear the IR bit to “0” (no interrupt request) after setting these bits. 
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Table 1. 20. 


Register 


10. Registers to Be Used and Settings in SIM Mode 


Bit 


Function 





U2TB(Note) 


0to7 


Set transmission data 





U2RB\Note) 


0to7 


Reception data can be read 





OER,FER,PER,SUM 


Error flag 





U2BRG 


0to7 


Set a transfer rate 





U2MR 


SMD2 to SMDO 


Set to ‘1012’ 





CKDIR 


Select the internal clock or external clock 





STPS 


Set to “O” 





PRY 


Set this bit to “1” for direct format or “O” for inverse format 





PRYE 


Set to “1” 





IOPOL 


Set to “O” 





CLK1, CLKO 


Select the count source for the U2BRG register 





CRS 


Invalid because CRD=1 





TXEPT 


Transmit register empty flag 





CRD 


Set to “1” 





NCH 


Set to “O” 





CKPOL 


Set to “O” 





UFORM 


Set this bit to “O” for direct format or “1” for inverse format 





TE 


Set this bit to “1” to enable transmission 





TI 


Transmit buffer empty flag 





RE 


Set this bit to “1” to enable reception 





Rl 


Reception complete flag 





Set to “1” 





Set to “O” 





Set this bit to “O” for direct format or “1” for inverse format 





Set to “1” 





U2SMR (Note) 


Set to “O” 





U2SMR2 


Set to “O” 





U2SMR3 


Set to “O” 





U2SMR4 
Note: Not all register bits are described above. Set those bits to “O” when writing to the registers in SIM mode. 











Set to “O” 
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(1) Transmission 


Transfer clock 


U2C1 register “1” ; i : 
E bit ., Write data to U2TB register 


U2C1 register “1” 
Tl bit... 


Transferred from U2TB register to UART2 transmit raiser 


Parity top 
TxD2 


Parity error signal sent : : 
back from receiver : i i An “L” level returns due to the 

: i occurrence of a parity error. 

RxD2 pin level 

(Note) 
The level i is detected by the 

i interfupt routine. i 

U2C0 register “1” i The level is 

TXEPT bit «o» J detected by the 


The IR bit is set to “1” at the j niprruptiroutine, 


S2TIC oe me falling edge of transfer clock Ne 
It, 


The above timing diagram applies to the case where data is Cleared to “0” when interrupt request is accepted, or cleared to “0” in a program 
transferred in the direct format. 

+ U2MR register STPS bit = 0 (1 stop bit) Te = 16 (n+ 1) /fior 16 (n + 1) / fext 

+ U2MR register PRY bit = 1 (even) fi : frequency of U2BRG count source (f1SI0, f2SIO, f8SIO, f32SI0) 

+ U2CO register UFORM bit = 0 (LSB first) fEXT : frequency of U2BRG count source (external clock) 

+ U2C1 register U2LCH bit = 0 (no reverse) n: value set to U2BRG 

+ U2C1 register U2IRSCH bit = 1 (transmit is completed) 


Note : Because TxD2 and RxD2 are connected, this is composite waveform consisting of the TxD2 output and the parity error signal 
sent back from receiver. 


(1) Reception 


Transfer clock 


U2C1 register “1” 
RE bit .., 


Transmitter's a ParityStop 
transmit waveform 


TxD2 


An “L” level is output from TxD2 due 7 
P the occurrence of a parity error H 
RxD2 pin level 


(Note) 


U2C0 register “1” 

RI bit .,. 
S2RIC register “1” Read the U2RB register 
IR bit 


The above timing diagram applies to the case where data is Cleared to “O” when interrupt request is accepted, or cleared to “O” in a program 
transferred in the direct format. 

+ U2MR register STPS bit = 0 (1 stop bit) To = 16 (n+ 1)/fior 16 (n +1) /fext 

meet egister Ey bit 1 (even) fi : frequency of U2BRG count source (HSI0, f2S10, f88l0, f32S10) 


* U2CO register UFORM bit = 0 (LSB first) d 
+ U2C1 register U2LCH bit = 0 (no reverse) fEXT : frequency of U2BRG count source (external clock) 


+ U2C1 register U2IRSCH bit = 1 (transmit is completed) n: value set to U2BRG 


Note : Because TxD2 and RxD2 are connected, this is composite waveform consisting of the transmitter's transmit waveform and the 
parity error signal received. 





Figure 1.20.10. Transmit and Receive Timing in SIM Mode 
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Figure 1.20.11 shows the example of connecting the SIM interface. Connect TxD2 and RxD2 and apply 
pull-up. 


SIM card 





Figure 1.20.11. SIM Interface Connection 


(a) Parity Error Signal Output 
The parity error signal is enabled by setting the U2C1 registers U2ERE bit to “1”. 
¢ When receiving 
The parity error signal is output when a parity error is detected while receiving data. This is achieved 
by pulling the TxD2 output low with the timing shown in Figure 1.20.12. If the R2RB register is read 
while outputting a parity error signal, the PER bit is cleared to “O” and at the same time the TxD2 output 
is returned high. 
¢ When transmitting 
A transmission-finished interrupt request is generated at the falling edge of the transfer clock pulse 
that immediately follows the stop bit. Therefore, whether a parity signal has been returned can be 
determined by reading the port that shares the RxD2 pin in a transmission-finished interrupt service 
routine. 


Tee a eh een Cre ere ne 
clock 
RxD2 st {bo Yor \ b2\ 3X b4 YX 05 {be Yor \ PY SP 


TxD2 ” (Note) 


U2C1 register “1 (_——— 
RI bit 


This timing diagram applies to the case where the direct format is ST : Start bit 


implemented. P : Even Parity 


Note: The output of microcomputer is in the high-impedance state SP : Stop bit 
(pulled up externally). 





Figure 1.20.12. Parity Error Signal Output Timing 
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(b) Format 
¢ Direct Format 
Set the U2MR register's PRY bit to “1”, U2CO register's UFORM bit to “0” and U2C1 register's U2LCH 
bit to “O”. 
« Inverse Format 
Set the PRY bit to “O”, UFORM bit to “1” and U2LCH bit to “1”. 
Figure 1.20.13 shows the SIM interface format. 


(1) Direct format 


Transfer 
cleck 


TxDe2 


P : Even parity 


(2) Inverse format 


Transfer 
cleck 


TxDe2 


P : Odd parity 





Figure 1.20.13. SIM Interface Format 
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S1/O3 and SI/O4 


SI/O3 and SI/O4 are exclusive clock-synchronous serial I/Os. 

Figure 1.21.1 shows the block diagram of SI/O3 and SI/O4, and Figure 1.21.2 shows the SI/O3 and SI/O4- 
related registers. 

Table 1.21.1 shows the specifications of SI/O3 and SI/O4. 


Clock source select 
SMi1 to SMi0 


Main clock, fisio 
PLL clock, 
or ring oscillator clock 


CLK 
polarity SI/Oi 


reversing interrupt request 
circuit 


Note: i = 3, 4. 
n =A value set in the SiBRG register. 





Figure 1.21.1. SI/O3 and SI/O4 Block Diagram 
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S |/Oi control register (i = 3, 4) (Note 1) 


b7 b6 b5 b4 b3 b2 bi bd Symbol Address After reset 
$3C 036216 010000016 
S4C 036616 010000016 


Bit Bit name Description 
symbol 
pe Internal synchronous 4 e Selecting fisio or fesio 
clock select bit : Selecting fasio 


: H : Selecting fs2sio 
11: Must not be set. 


SMi2 | Souti output disable bit - Souti output 
(Note 4) : Souti output disable(high impedance) 
SMi3_ | S I/Oi port select bit : Input/output port RW 
; : Souti output, CLKi function 


F ; ; 0 : Transmit data is output at falling edge of 
sila, CUS polanly select bit transfer clock and receive data is input at 
rising edge 
1: Transmit data is output at rising edge of 
transfer clock and receive data is input at 
falling edge 


SMi5 als direction select ie LSB first 
: MSB first 
SMi6 SOO clock 7 External clock (Note 2) 
select bit : Internal clock (Note 3) 


Souti initial value Effective when SMi3 = 0 


set bit 0: “L” output 
1: “H” output 


Note 1: Make sure this register is written to by the next instruction after setting the PRCR register's PRC2 bit to “1” 
(write enable). 

Note 2: Set the SMi3 bit to “1” and the corresponding port direction bit to “O” (input mode). 

Note 3: Set the SMi3 bit to “1” (SouTi output, CLKi function). 

Note 4: When the SMi2 bit is set to “1”, the target pin goes to a high-impedance state regardless of which function of the 
pin is being used. 


SI/Oi bit rate generator (i = 3, 4) (Notes 1, 2) 


Symbol Address After reset 
S3BRG 036316 Indeterminate 
S4BRG 036716 Indeterminate 


Seating range 


Assuming that set value = n, BRGi divides the count 00:6 to EFi6 wo 
source by n+ 1 


Note 1: Write to this register while serial I/O is neither transmitting nor receiving. 
Note 2: Use MOV instruction to write to this register. 
SI/Oi transmit/receive register (i = 3, 4) (Note 1, 2) 


b7 b0 Symbol Address After reset 
S3TRR 036016 Indeterminate 
S4TRR 036416 Indeterminate 


Transmission/reception starts by writing transmit data to this register. After RW 
transmission/reception finishes, reception data can be read by reading this register. 


Note 1: Write to this register while serial I/O is neither transmitting nor receiving. 
Note 2: To receive data, set the corresponding port direction bit for Sini to “O” (input mode). 





Figure 1.21.2. S3C and S4C Registers, SS3BRG and S4BRG Registers, and S3TRR and S4TRR Registers 
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Table 1.21.1. SI/O3 and SI/O4 Specifications 


Item Specification 


Transfer data format ¢ Transfer data length: 8 bits 
Transfer clock ¢ SiC (i=3, 4) register’s SMi6 bit = “1” (internal clock) : fj/ 2(n+1) 
fj = f1SIO, fssio, f32S1I0. n=Setting value of SIBRG register 0016 to FF 16. 
* SMi6 bit = “O” (external clock) : Input from CLKi pin (Note 1) 
Transmission/reception ¢ Before transmission/reception can start, the following requirements must be met 
start condition Write transmit data to the SiTRR register (Notes 2, 3) 
Interrupt request ¢ When SIC register's SMi4 bit = 0 
generation timing The rising edge of the last transfer clock pulse (Note 4) 
* When SMi4 = 1 
The falling edge of the last transfer clock pulse (Note 4) 














CLKi pin fucntion I/O port, transfer clock input, transfer clock output 

SouTi pin function I/O port, transmit data output, high-impedance 

SINi pin function I/O port, receive data input 

Select function ¢ LSB first or MSB first selection 

Whether to start sending/receiving data beginning with bit 0 or beginning with bit 7 
can be selected 











¢ Function for setting an SouTi initial value set function 
When the SiC register's SMi6 bit = 0 (external clock), the SOUTi pin output level while 
not tranmitting can be selected. 

* CLK polarity selection 

Whether transmit data is output/input timing at the rising edge or falling edge of 
transfer clock can be selected. 

Note 1: To set the SiC register’s SMi6 bit to “O” (external clock), follow the procedure described below. 

+ If the SiC register’s SMi4 bit = 0, write transmit data to the SiTRR register while input on the CLKi pin is 
high. The same applies when rewriting the SiC register’s SMi7 bit. 

* If the SMi4 bit = 1, write transmit data to the SiITRR register while input on the CLKi pin is low. The same 
applies when rewriting the SMi7 bit. 

* Because shift operation continues as long as the transfer clock is supplied to the SI/Oi circuit, stop the 
transfer clock after supplying eight pulses. If the SMié6 bit = 1 (internal clock), the transfer clock automatically 
stops. 

Note 2: Unlike UARTO to UART2, SI/Oi (i = 3 to 4) is not separated between the transfer register and buffer. There- 
fore, do not write the next transmit data to the SiITRR register during transmission. 

Note 3: When the SiC registers SMi6 bit = 1 (internal clock), SOUTi retains the last data for a 1/2 transfer clock period 
after completion of transfer and, thereafter, goes to a high-impedance state. However, if transmit data is 
written to the SITRR register during this period, SOUTi immediately goes to a high-impedance state, with the 
data hold time thereby reduced. 

Note 4: When the SiC register’s SMi6 bit = 1 (internal clock), the transfer clock stops in the high state if the SMi4 bit 
= 0, or stops in the low state if the SMi4 bit = 1. 











=tENESAS 


Renesas Technology Corp. 


184 


Renesas microcomputers 


M16C / 62P Group 
SI/O3. SI/O4 SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





(a) SI/Oi Operation Timing 
Figure 1.21.3 shows the SI/Oi operation timing 


1.5 cycle (max) (Note 3) 


S1/Oi internal clock 


CLKi output 


Signal written to the 
SiTRR register 


SOUTIi output 





SINi input 





SiIC register 
IR bit 


i= 3,4 


Note 1: This diagram applies to the case where the SiC register bits are set as follows: 
SMi2=0 (SOUT output), SMi3=1 (SOUTi output, CLKi function), SMi4=0 (transmit data output at the falling edge and receive data input at the 
rising edge of the transfer clock), SMi5=0 (LSB first) and SMi6=1 (internal clock) 

Note 2: When the SMi6 bit = 1 (internal clock), the SOUTIi pin is placed in the high-impedance state after the transfer finishes. 

Note 3: If the SMi6 bit=0 (internal clock), the serial I/O starts sending or receiving data a maximum of 1.5 transfer clock cycles after writing to the 
SiTRR register. 





Figure 1.21.3. SI/Oi Operation Timing 


(b) CLK Polarity Selection 
The SiC register's SMi4 bit allows selection of the polarity of the transfer clock. Figure 1.21.4 shows 
the polarity of the transfer clock. 


(1) When SIC register's SMi4 bit = “O” 
































CLKi | i 


4 
p2}X Ds X Da X Ds X De X D7 
/ 


X 
Di X D2 X Ds X Da X D5 X De X D7 























SINi 








X DO y D1 
SouTi X Do X 





(2) When SIC register's SMi4 bit = “1” 
































CLKi i | 


SINi po YE Ba a De DEY BSF 
X_bo X pi X 


























f 
D2 X D3 X D4 X Ds X De X D7 





SOUTi Do D1 


i=3 and 4 


Note 1: This diagram applies to the case where the SiC register bits are set as follows: 
SMi5=0 (LSB first) and SMi6=1 (internal clock) 

Note 2: When the SMi6 bit=1 (internal clock), a high level is output from the CLKi 
pin if not transferring data. 

Note 3: When the SMi6 bit=1 (internal clock), a low level is output from the CLki 
pin if not transferring data. 








Figure 1.21.4. Polarity of Transfer Clock 
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(c) Functions for Setting an Souti Initial Value 


If the SiC register’s SMi6 bit = 0 (external clock), the SOUTi pin output can be fixed high or low when not 
transferring. Figure 1.21.5 shows the timing chart for setting an SOUTiinitial value and how to set it. 


(Example) When “H” selected for SOUTi initial value (Note 1) 


Signal written to 
SITRR register 


SMi7 bit 


SMis3 bit 


Souti (internal) 


SOUTi pin output 


(i=3, 4) 
Setting the SouTi 
initial value to “H” 
(Note 2) 


DE 
Initial value = “H” (Note 3) 


Port selection switching 
(I/O port —> SoutTi) 


Note 1: This diagram applies to the case where the SiC register bits are set as follows: 
SMi2=0 (SouTi output), SMi5=0 (LSB first) and SMi6=0 (external clock) 

Note 2: SouTi can only be initialized when input on the CLKi pin is in the high state if the SiC 
register’s SMi4 bit = 0 (transmit data output at the falling edge of the transfer clock) or 





in the low state if 
transfer clock). 


he SMié4 bit = 1 (transmit data output at the rising edge of the 


Note 3: If the SMié6 bit = 1 (internal clock) or if the SMi2 bit = 1 (SOUT output disabled), 
this output goes to the high-impedance state. 





Figure 1.21.5. Souti’s Initial Value Setting 


Setting of the initial value of SOUTI 
output and starting of transmission/ 
reception 


v 


Set the SMi3 bit to “O” 
(SouTi pin functions as an I/O port) 


Set the SMi7 bit to “1” 
(SouTi initial value = “H”) 


Set the SMi3 bit to “1” 
(SouTi pin functions as SOUTi output) 


“H” level is output 
from the SouTi pin 


Write to the SiTRR register 


Serial transmit/reception starts 
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A-D Converter 


The microcomputer contains one A-D converter circuit based on 10-bit successive approximation method 
configured with a capacitive-coupling amplifier. The analog inputs share the pins with P100 to P107, P95, 
P96, POo to P07, and P20 to P27. Similarly, ADTRG input shares the pin with P97. Therefore, when using 
these inputs, make sure the corresponding port direction bits are set to “O” (= input mode). 

When not using the A-D converter, set the VCUT bit to “O” (= Vref unconnected), so that no current will flow 
from the VREF pin into the resistor ladder, helping to reduce the power consumption of the chip. 

The A-D conversion result is stored in the ADi register bits for ANi, ANOi, and AN2i pins (i = 0 to 7). 

Table 1.22.1 shows the performance of the A-D converter. Figure 1.22.1 shows the block diagram of the 
A-D converter, and Figures 1.22.2 and 1.22.3 show the A-D converter-related registers. 





Table 1.22.1. Performance of A-D Converter 


Item Performance 


Method of A-D conversion 


Successive approximation (capacitive coupling amplifier) 





Analog input voltage (Note 1) 


OV to AVcc (Vcc!) 





Operating clock AD (Note 2) 


fAD/divide-by-2 of fAD/divide-by-3 of fAD/divide-by-4 of fAD/divide-by-6 of 
fAD/divide-by-12 of fAD 





Resolution 


8-bit or 10-bit (selectable) 





Integral nonlinearity error 


When AVCc = VREF = 5V 
¢ With 8-bit resolution: +2LSB 
¢ With 10-bit resolution 
- ANo to AN7 input : +3LSB 
- ANoo to ANO7 input and AN2o to AN27 input : +7LSB 
- ANEXO and ANEX1 input (including mode in which external operation 
amp is connected) : +7LSB 
When AVCC = VREF = 3.3V 
¢ With 8-bit resolution: +2LSB 
¢ With 10-bit resolution 
- ANo to AN7 input : +5LSB 
- ANoo to ANO7 input and AN2o to AN27 input : +7LSB 
- ANEXO and ANEX1 input (including mode in which external operation 
amp is connected) : +7LSB 





Operating modes 


One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0, 
and repeat sweep mode 1 





Analog input pins 


8 pins (ANo to AN7) + 2 pins (ANEX0 and ANEX1) + 8 pins (ANoo to ANo7) 
+ 8 pins (AN20 to AN27) 





A-D conversion start condition 


* Software trigger 
The ADCONDO register's ADST bit is set to “1” (A-D conversion starts) 

« External trigger (retriggerable) 
Input on the ADTRG pin changes state from high to low after the ADST bit is 
set to “1” (A-D conversion starts) 





Conversion speed per pin 








¢ Without sample and hold function 

8-bit resolution: 49 oAD cycles, 10-bit resolution: 59 oAD cycles 
¢ With sample and hold function 

8-bit resolution: 28 oAD cycles, 10-bit resolution: 33 oAD cycles 


Note 1: Does not depend on use of sample and hold function. 
Note 2: Operation clock frequency (AD frequency) must be 10 MHz or less. 
A case without sample and hold function turn (oAD frequency) into 250kHz or more . 
A case with the sample and hold function turn (AD frequency) into 1MHz or more. 
Note 3: If Vcc2 < Vcc1, do not use ANoo to ANo7 and AN20 to AN27 as analog input pins. 
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A-D conversion rate 
selection 
cKS2-0 Pacha 


| oa a read @AD 
1/2 1/2 CKS1=0 


1/3 6 CKSO0=0 
CKS2=1 














TRG=0 


Software trigger 
on Se a trigger 


oO 









































AD2 reg 


AD3 regi Decoder 
for A-D register 





AD7 reg 
Yi 


Data bus high-order 











ADCON2 register 
(address 03D416) 




















Decoder 
for channel 
selection 

















Comparator 




















VIN 














ADGSEL1 to ADGSEL0=002 
OPA1 to OPA0=002 


Port PO group CH2 to CHO : a ae 


ANoo © =0002 ~~. 

ANoi O =0012 0%, PMO1 to PMO0=002 
ANo2 © =0102 0 ADGSEL1 to ADGSELO=102 
ANo3 © =0112 0, OPA to OPAO=002 
ANo4 © =1002 
ANos © =10125~> | 
ANos © Seo 
ANo7 © 
























































PMO1 to PMO0=002 
ADGSEL1 to ADGSELO=1 12 
OPA to OPA0=002 





Port P2 group teers 
AN2o0 © too { 


ANa21 O 


ANz2 ©. Q ADGSEL1 to ADGSELO=002 
AN23 O oo OPAI to OPAO=1 12 
O 















































PMO1 to PM00=002 
ADGSEL1 to ADGSELO=102 
OPA1 to OPAO=112 




















PMO1 to PMO0=00e2r4 
ADGSEL1 to ADGSELO=1 12 i 

OPA to OPAQ=112 OPA1 to OPAO |! 

ANEXo oO OPAO=1 oo =012 


+ * © 1 


ANEX: © OPAI=1 opaAt=1 [¥ 















































Note: Port PO group (ANoo to ANo7) can be used as analog input pins even when PM01 
to PMOO bits are set to “012” (memory expansion mode) and PM05 to PM04 bits are 
set to “112” (multiplex bus allocated to the entire CS space). 





Figure 1.22.1. A-D Converter Block Diagram 
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A-D control register 0 (Note) 


b7 b6 bS b4 b3 b2 bi b0 Symbol Address After reset 
ADCONO 03D616 00000XXxX2 





Bit symbol Bit name Function 


Analog input pin select bit | Function varies with each operation mode 


A-D operation mode 


select biG : One-shot mode 


: Repeat mode 

: Single sweep mode 

: Repeat sweep mode 0 or 
Repeat sweep mode 1 


Trigger select bit 0 : Software trigger 
1 : ADTRG trigger 
A-D conversion start flag | 0 : A-D conversion disabled 
ADST 
1: A-D conversion started 
CKSO Frequency select bit 0 See Note 3 for the ADCON2 register es 


: If the ADCONDO register is rewritten during A-D conversion, the conversion result will be indeterminate. 


A-D control register 1 (Note 1) 


BO Be be es he ble Symbol Address After reset 
ADCON1 03D716 0016 


Bit symbol Bit name Function RW 


A-D sweep pin select bit Function varies with each operation mode 


8/10-bit mode select bit 0 : 8-bit mode 
1: 10-bit mode 





Frequency select bit 1 See Note 3 for the ADCON2 register 





Vref connect bit (Note 2) | 0: Vref not connected 
1 : Vref connected 


External op-amp Function varies with each operation mode 
connection mode bit 


A-D operation mode 0: sh node other than repeat sweep 
select bit 1 mode 1 RW 
: Repeat sweep mode 1 
RW 
RW 


Note 1: If the ADCON1 register is rewritten during A-D conversion, the conversion result will be indeterminate. 
Note 2: If the VCUT bit is reset from “O” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting 
A-D conversion. 





Figure 1.22.2. ADCONO to ADCON1 Registers 
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A-D control register 2 (Note 1) 


b7 b6 b5 b4 b3 b2 b1 b0 Ss b | Add Att t 
XX Tol [ |] aacone 03D416 0016 


A-D conversion method 7 Without sample and hold 
select bit : With sample and hold 


ADGSELO | A-D input group select bit : Port P10 group is selected 
: Must not be set 


: Port PO group is selected (Note 3) 
ADGSEL1 : Port P2 group is selected 


Reserved bit Must always be set to “O” = 


Frequency select bit 2 0: Selects fAD, faD divided by 2, or fab 
(Note 3) divided by 4, 
1: Selects fap divided by 3, fap divided 
by 6, or faD divided by 12. 


Nothing is assigned. In an attempt to write to these bits, write “O”. 
The value, if read, turns out to be “O”. 


Note 1: If the ADCON2 register is rewritten during A-D conversion, the conversion result will be indeterminate. 

Note 2: If Vcc2 < Vcc1, do not use ANoo to ANo7 and AN20 to AN27 as analog input pins. 

Note 3: The @ap frequency must be 10 MHz or less. The selected OAD frequency is determined by a combination of 
the ADCONDO register's CKSO bit, ADCON1 register's CKS1 bit, and ADCON2 register's CKS2 bit. 


Divide-by-4 of faD 
Divide-by-2 of faD 
fAD 














Ddivide-by-12 of fap 
Divide-by-6 of faD 
Divide-by-3 of faD 

















A-D register i (i=0 to 7) Address After reset 
030116 to O3C016 Indeterminate 
03C316 to 03C216 Indeterminate 
030516 to 03C416 Indeterminate 
03C716 to 0O3C616 Indeterminate 
030916 to 0O3C816 Indeterminate 
03CB16 to O3CA16 Indeterminate 
03CD16 to O3CCi6 Indeterminate 
O3CF16 to O3CE16 Indeterminate 


bo 


When the ADCON1 register's When the ADCON1 register's 
BITS bit is “1” (10-bit mode) BITS bit is “O” (8-bit mode) 


Eight low-order bits of A-D conversion result 
A-D conversion result 
Two high-order bits of When read, the content is 

A-D conversion result indeterminate 


Nothing is assigned. 
In an attempt to write to these bits, write “O”. The value, if 
read, turns out to be “O”. 


SSS Se ee er eee ee eee) 
Gee eens 





Figure 1.22.3. ADCON2 Register, and ADO to AD7 Registers 
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(1) One-shot Mode 


In this mode, the input voltage on one selected pin is A-D converted once. Table 1.22.2 shows the 
specifications of one-shot mode. Figure 1.22.4 shows the ADCONO to ADCON1 registers in one-shot 


mode. 
Table 1.22.2. One-shot 


Mode Specifications 


Item Specification 





Function 


The input voltage on one pin selected by the ADCONO register's CH2 to CHO 
bits and ADCONZ2 register's ADGSEL1 to ADGSELO bits or the ADCON1 
register's OPA1 to OPAO bits is A-D converted once. 





A-D conversion start condition|* When the ADCONDO register's TRG bit is “O” (software trigger) 


The ADCONO registers ADST bit is set to “1” (A-D conversion starts) 

* When the TRG bit is “1” (ADTRG trigger) 
Input on the ADTRG pin changes state from high to low after the ADST bit is 
set to “1” (A-D conversion starts) 








A-D conversion stop condition 


* Completion of A-D conversion (If a software trigger is selected, the ADST bit 
is cleared to “O” (A-D conversion halted).) 
* Set the ADST bit to “O” 





Interrupt request generation timing} Completion of A-D conversion 





Analog input pin (Note) 


Select one pin from ANo to AN7, ANoo to ANo7, AN2o to AN27, ANEXO to ANEX1 








Reading of result of A-D converter] Read one of the ADO to AD7 registers that corresponds to the selected pin 


Note: If Vcc2 < Vcc1, do 


not use ANoo—ANo7 and AN20-AN27 as analog input pins. 





2ENESAS 


Renesas Technology Corp. 1 9 1 


Renesas microcomputers 


M16C / 62P Group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
A-D Converter 


A-D control register 0 (Note 1) 


b7 b6 b5 b4 b3 b2 bt bO Symbol Address After reset 


Ltd ADCONO 03D616  00000XXx2 
pt 


Analog input pin select 


bit : ANo is selected 


: AN1 is selected 


: AN2 is selected 
: AN3 is selected 
: AN4 is selected 


: AN5s is selected 
: ANée is selected 
: AN7 is selected 


A-D operation mode (Note 3) 


select bit 0 0 0 : One-shot mode SW 


Trigger select bit . Software trigger 
: ADTRG trigger 
ADST A-D conversion start flag ie A-D conversion disabled 
: A-D conversion started 


4-424 3200008 
4070-008 


CKSO =| Frequency select bitO | See Note 3 for the ADCONZ register 


Note 1: If the ADCONDO register is rewritten during A-D conversion, the conversion result will be indeterminate. 

Note 2: ANoo to ANo7, and AN2o to AN27 can be used in the same way as ANo to AN7. Use the ADCON2 register’s 
ADGSEL1 to ADGSELO bits to select the desired pin. However, if Vcc2 < Vcc1, do not use ANoo to ANo7 and 
AN20 to AN27 as analog input pins. 

Note 3: After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using another instruction. 


A-D control register 1 (Note) 


Pie ANG. bok “Bas bse Symbol Address After reset 


PTET T LT] secon 030716 00K 
{[Bitsymbol[itrame [Function [RW 


! A-D sweep pin Invalid in one-shot mode RW. 
‘ select bit 


A-D operation mode Set to “0” when one-shot mode is selected 
select bit 1 
BITS 8/10-bit mode select bit . 8-bit mode 
: 10-bit mode 


CKS1 Frequency select bit1 See Note 3 for the ADCON2 register eS 
VCUT Vref connect bit (Note 2) : Vref connected = 


b7 b6 
inde Seah 0.0 : ANEX0 and ANEX1 are not used 


connection mode bit —_ |g 4 : ANEXO input is A-D converted 
10: ANEX1 input is A-D converted 
1 1: External op-amp connection mode 


Note 1: If the ADCON1 register is rewritten during A-D conversion, the conversion result will be indeterminate. 
Note 2: If the VCUT bit is reset from “O” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting 
A-D conversion. 





Figure 1.22.4. ADCONO Register and ADCON1 Register (One-shot Mode) 
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(2) Repeat mode 


In this mode, the input voltage on one selected pin is A-D converted repeatedly. Table 1.22.3 shows the 
specifications of repeat mode. Figure 1.22.5 shows the ADCONO to ADCON‘1 registers in repeat mode. 


Table 1.22.3. Repeat Mode Specifications 


Item Specification 

Function The input voltage on one pin selected by the ADCONDO register's CH2 to CHO 
bits and ADCONZ2 register's ADGSEL1 to ADGSELO bits or the ADCON1 
register's OPA1 to OPAO bits is A-D converted repeatdly. 
A-D conversion start condition|* When the ADCONDO register's TRG bit is “O” (software trigger) 

The ADCONDO register's ADST bit is set to “1” (A-D conversion starts) 
* When the TRG bit is “1” (ADTRG trigger) 

Input on the ADTRG pin changes state from high to low after the ADST bit is 

set to “1” (A-D conversion starts) 
A-D conversion stop condition |Set the ADST bit to “O” (A-D conversion halted) 
Interrupt request generation timing] None generated 
Analog input pin (Note) | Select one pin from ANo to AN7, ANoo to ANo7, AN20 to AN27, ANEXO to ANEX1 
Reading of result of A-D converter} Read one of the ADO to AD7 registers that corresponds to the selected pin 
Note: If Vcc2 < Vcc1, do not use ANoo—ANo7 and AN20—-AN27 as analog input pins. 
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A-D control register 0 (Note 1) 


b7 b6 b5 b4 b3 b2 b1 bd 
Leon) | ee 
|[ieymeot[Sitrame | ____Finaion___—_—_—( 


Analog input pin 


a select bit : ANo is selected 


: AN1 is selected 
: AN2 is selected 
: AN3 is selected 
: AN4 is selected 
: AN5 is selected 
: ANe is selected 
: AN7 is selected 


MDO 
MD1 select bit 0 


TRG Trigger select bit 0 : Software trigger 
1 : ADTRG trigger 
ADST A-D conversion start flag a A-D conversion disabled 
: A-D conversion started 
CKSO Frequency select bit 0 See Note 3 for the ADCON2 register 


Note 1: If the ADCONO register is rewritten during A-D conversion, the conversion result will be indeterminate. 

Note 2: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. Use the ADCON2 register’s 
ADGSEL1 to ADGSELO bits to select the desired pin. However, if Vcc2 < Vcc1, do not use ANoo to ANo7 and 
ANz2o to AN27 as analog input pins. 

Note 3: After rewriting the MD1 to MDO bits, set the CH2 to CHO bits over again using another instruction. 


: Repeat mode (Note 3) 


A-D control register 1 (Note 1) 


b7 b6 b5 b4 b3 b2 bt 
Symbol Add Aft t 
eer) soe, ae Mee 


A-D sweep pin Invalid in repeat mode Ea 
select bit 


A-D operation mode Set to “0” when this mode is selected 
select bit 1 
8/10-bit mode select bit | 0 : 8-bit mode 


CKS1 Frequency select bit1 | See Note 3 for the ADCON2 register 
VCUT Vref connect bit (Note 2) : Vref connected 


E t | b7 b6 
eee bit 00: ANEXO and ANEX1 are not used 


0 1 : ANEXO input is A-D converted 
10: ANEX1 input is A-D converted 
1 : External op-amp connection mode 


Note 1: If the ADCON1 register is rewritten during A-D conversion, the conversion result will be indeterminate. 
Note 2: If the VCUT bit is reset from “O” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting 
A-D conversion. 





Figure 1.22.5. ADCONO Register and ADCON1 Register (Repeat Mode) 
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(3) Single Sweep Mode 
In this mode, the input voltages on selected pins are A-D converted, one pin at atime. Table 1.22.4 shows 
the specifications of single sweep mode. Figure 1.22.6 shows the ADCONO to ADCON1 registers in 
single sweep mode. 


Table 1.22.4. Single Sweep Mode Specifications 
Function The input voltages on pins selected by the ADCON1 register's SCAN1 to 
SCANO bits and ADCON2 register's ADGSEL1 to ADGSELO bits are A-D con- 
verted, one pin at a time. 
A-D conversion start condition |» When the ADCONO register's TRG bit is “O” (software trigger) 
The ADCONO registers ADST bit is set to “1” (A-D conversion starts) 
* When the TRG bit is “1” (ADTRG trigger) 
Input on the ADTRG pin changes state from high to low after the ADST bit is 
set to “1” (A-D conversion starts) 
A-D conversion stop condition |* Completion of A-D conversion (If a software trigger is selected, the ADST bit 
is cleared to “0” (A-D conversion halted).) 
* Set the ADST bit to “0” 
Interrupt request generation timing | Completion of A-D conversion 
Analog input pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5s (6 pins), ANo 
to AN7 (8 pins) (Note) 
Reading of result of A-D converter |Read one of the ADO to AD7 registers that corresponds to the selected pin 
Note: ANoo to ANo7, and AN2o to AN27 can be used in the same way as ANo to AN7. However, if VCC2 < 
Vcc1, do not use ANoo—ANo7 and AN20—AN27 as analog input pins. 
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A-D control register 0 (Note) 


Lee a a Symbol Address After reset 


| | yafof | [| apcono 03D616  00000XXXe 


Analog input pin Invalid in single sweep mode 
select bit 
CH1 


b4 b3 


A-D operation mode 10: Single sweep mode 


select bit 0 
a 
Trigger select bit re Software trigger 
: ADTRG trigger 
A-D conversion start flag r A-D conversion disabled 
ADST 
: A-D conversion started 
CKSo | Frequency selectbitO | See Note 3 for the ADCON2 register . 


Note: If the ADCONDO register is rewritten during A-D conversion, the conversion result will be indeterminate. 


A-D control register 1 (Note 1) 


b7 b6 b5 b4 b3 b2 bi 
Symbol Address After reset 
TT ELLE ADCON1 03D716 0016 


A-D sweep pin select bit | When single sweep mode is selected RW 
b1 bo 
0 0: ANo to AN1 (2 pins 


( ) 
0 1: ANo to ANs (4 pins) 
10: ANo to ANs (6 pins) 

1 1: ANo to AN7 (8 pins) (Note 2) 


A-D operation mode Set to “0” when single sweep mode is selected | pyy 
select bit 1 
BITS 8/10-bit mode select bit | 0 : 8-bit mode 
1 : 10-bit mode 
CKS1 Frequency select bit 1 See Note 3 for the ADCON2 register 


VCUT Vref connect bit (Note 3) | 1 : Vref connected 


E lop- b7 b6 
Sc iad bee stage 00 : ANEXO and ANEX1 are not used 


0 1 : Must not be set 


OPA1 _ 10 : Must not be set 
1 1: External op-amp connection mode 


Note 1: If the ADCON1 register is rewritten during A-D conversion, the conversion result will be indeterminate. 

Note 2: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. Use the ADCONZ register’s 
ADGSEL1 to ADGSELO bits to select the desired pin. However, if Vcc2 < Vcc1, do not use ANoo to ANo7 and 
AN20 to AN27 as analog input pins. 

Note 3: If the VCUT bit is reset from “O” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting 
A-D conversion. 





Figure 1.22.6. ADCONO Register and ADCON1 Register (Single Sweep Mode) 
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(4) Repeat Sweep Mode 0 


In this mode, the input voltages on selected pins are A-D converted repeatedly. Table 1.22.5 shows the 
specifications of repeat sweep mode 0. Figure 1.22.7 shows the ADCONO to ADCON1 registers in repeat 
sweep mode 0. 


Table 1.22.5. Repeat Sweep Mode 0 Specifications 


Specification 





Function The input voltages on pins selected by the ADCON1 register's SCAN1 to 
SCANO bits and ADCON2 register's ADGSEL1 to ADGSELO bits are A-D con- 
verted repeatdly. 
A-D conversion start condition |» When the ADCONDO register's TRG bit is “O” (software trigger) 
The ADCONDO register's ADST bit is set to “1” (A-D conversion starts) 
* When the TRG bit is “1” (ADTRG trigger) 
Input on the ADTRG pin changes state from high to low after the ADST bit is 
set to “1” (A-D conversion starts) 
A-D conversion stop condition |Set the ADST bit to “O” (A-D conversion halted) 
Interrupt request generation timing |None generated 
Analog input pin Select from ANo to AN1 (2 pins), ANo to ANs (4 pins), ANo to AN5s (6 pins), ANo 
to AN7 (8 pins) (Note) 
Reading of result of A-D converter |Read one of the ADO to AD7 registers that corresponds to the selected pin 
Note: ANoo to ANo7, and AN2o to AN27 can be used in the same way as ANo to AN7. However, if VCc2 < 
Vcci, do not use ANoo—ANo7 and AN20—AN27 as analog input pins. 
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A-D control register 0 (Note) 
b7 b6 b5 b4 b3 b2 bi b0 
Symbol Address After reset 
| | | fafa] | |} apcono 03D616  00000XXX2 
Bit symbol 


CHO Analog input pin Invalid in repeat sweep mode 0 RW 
select bit 


A b4 b3 
| Mo | Ara mode 1 1: Repeat sweep mode 0 or 


MD14 Repeat sweep mode 1 


RG Trigger select bit i. Software trigger 
: ADTRG trigger 
A-D conversion start flag r A-D conversion disabled 
ADST 
: A-D conversion started 
CKSO Frequency select bit 0 See Note 3 for the ADCON2 register oo 


: If the ADCONO register is rewritten during A-D conversion, the conversion result will be indeterminate. 


A-D control register 1 (Note 1) 


se eee ee Symbol Address After reset 
Yt [at | fol | ADCON1 03D716 0016 
 [Bitsymbo 


A-D sweep pin select bit | When repeat sweep mode 0 is selected 
b1 bO 
00: ANo, ANi (2 pins) 


0 1: ANo to ANs (4 pins) 
10: ANo to ANs (6 pins) 
1 1: ANo to AN7 (8 pins) 


A-D operation mode Set to “O” when repeat sweep mode 0 is 
MD2 select bit 1 selected 
BITS 8/10-bit mode select bit = 8-bit mode 
: 10-bit mode 
CKS1 Frequency select bit 1 See Note 3 for the ADCON2 register a 


VCUT Vref connect bit (Note 3) | 1 : Vref connected 


b7 b6 
External op-amp 00: ANEXO and ANEX1 are not used 
connection mode 0 1: Must not be set 


bit 10: Must not be set 
1 1: External op-amp connection mode 


Note 1: If the ADCON1 register is rewritten during A-D conversion, the conversion result will be indeterminate. 

Note 2: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. Use the ADCON2 register’s 
ADGSEL1 to ADGSELO bits to select the desired pin. However, if Vcc2 < Vcc1, do not use ANoo to ANo7 and 
AN20 to AN27 as analog input pins. 

Note 3: If the VCUT bit is reset from “O” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting 
A-D conversion. 





Figure 1.22.7. ADCONO Register and ADCON1 Registers (Repeat Sweep Mode 0) 
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(5) Repeat Sweep Mode 1 


In this mode, the input voltages on all pins are A-D converted repeatedly, with priority given to the se- 
lected pins. Table 1.22.6 shows the specifications of repeat sweep mode 1. Figure 1.22.8 shows the 
ADCONO to ADCON1 registers in repeat sweep mode 1. 


Table 1.22.6. Repeat Sweep Mode 1 Specifications 

Function The input voltages on all pins selected by the ADCON2 register's ADGSEL1 to 
ADGSELO bits are A-D converted repeatdly, with priority given to pins se- 
lected by the ADCON1 register's SCAN1 to SCANO bits and ADGSEL1 to 
ADGSELO bits. 
Example : If ANo selected, input voltages are A-D converted in order of 

ANo — AN1 —~ ANo— AN2— ANo— AN3, and so on. 

A-D conversion start condition |» When the ADCONDO register's TRG bit is “O” (software trigger) 

The ADCONDO register's ADST bit is set to “1” (A-D conversion starts) 
* When the TRG bit is “1” (ADTRG trigger) 

Input on the ADTRG pin changes state from high to low after the ADST bit is 

set to “1” (A-D conversion starts) 
A-D conversion stop condition |Set the ADST bit to “O” (A-D conversion halted) 
Interrupt request generation timing]; None generated 


Analog input pins to be given |Select from ANo (1 pins), ANo to AN1 (2 pins), ANo to AN2 (3 pins), ANo to AN3 
priority when A-D converted |(4 pins) (Note) 























Reading of result of A-D converter |Read one of the ADO to AD7 registers that corresponds to the selected pin 
Note: ANoo to ANo7, and AN2zo to AN27 can be used in the same way as ANo to AN7. However, if VCc2 < 
Vcci, do not use ANoo—ANo7 and AN20—-AN27 as analog input pins. 
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A-D control register 0 (Note) 


Bt be bh eee ete Symbol Address After reset 
LL ADCONO 03D616  00000XXXz2 
| 


Analog input pin Invalid in repeat sweep mode 1 zi 


select bit 


. b4 b3. 
A-D operation mode 11: Repeat sweep mode 0 or 


select bit 0 Repeat sweep mode 1 


Trigger select bit : Software trigger 
: ADTRG trigger 
ADST A-D conversion start flag - A-D conversion disabled 
1: A-D conversion started 
CKSO Frequency select bit 0 See Note 3 for the ADCON2 register a 


Note: If the ADCONO register is rewritten during A-D conversion, the conversion result will be indeterminate. 


A-D control register 1 (Note 1) 


b7 b6 b5 b4 b3 b2 bi bO 
Symbol Add Aft t 
PTET EEE)  abcon osD716 «016 
: 


' A-D sweep pin select bit | When repeat sweep mode 1 is selected 
b1 bo RW 
00: ANo (1 pin) 


01: ANo, ANi (2 pins) 
10: ANo to AN2 (3 pins) 
1 1: ANo to ANs (4 pins) 


A-D operation mode Set to “1” when repeat sweep mode 1 is 
select bit 1 selected 
BITS 8/10-bit mode select bit . 8-bit mode 
: 10-bit mode 
CKS1 Frequency select bit 1 See Note 3 for the ADCON2 register a 


VCUT Vref connect bit (Note 3) | 1 : Vref connected 


E lop- b7 b6 
eae eae 0 0 : ANEXO and ANEX1 are not used 


bit 0 1 : Must not be set 
10: Must not be set 
1 1: External op-amp connection mode 


Note 1: If the ADCON1 register is rewritten during A-D conversion, the conversion result will be indeterminate. 

Note 2: ANoo to ANo7, and AN20 to AN27 can be used in the same way as ANo to AN7. Use the ADCON2 register’s 
ADGSEL1 to ADGSELO bits to select the desired pin. However, if Vcc2 < Vcc1, do not use ANoo to ANo7 and 
ANz20 to AN27 as analog input pins. 

Note 3: If the VCUT bit is reset from “O” (Vref unconnected) to “1” (Vref connected), wait for 1 us or more before starting 
A-D conversion. 





Figure 1.22.8. ADCONO Register and ADCON1 Register (Repeat Sweep Mode 1) 
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(a) Resolution Select Function 
The desired resolution can be selected using the ADCON1 register’s BITS bit. If the BITS bit is set to “1” 
(10-bit conversion accuracy), the A-D conversion result is stored in the ADi register (i = 0 to 7)'s bit 0 to bit 
9. If the BITS bit is set to “O” (8-bit conversion accuracy), the A-D conversion result is stored in the ADi 
register's bit 0 to bit 7. 

(b) Sample and Hold 
If the ADCON2 registers SMP bit is set to “1” (with sample-and-hold), the conversion speed per pin is 
increased to 28 @AD cycles for 8-bit resolution or 33 GAD cycles for 10-bit resolution. Sample-and-hold is 
effective in all operation modes. Select whether or not to use the sample-and-hold function before starting 
A-D conversion. 

(c) Extended Analog Input Pins 
In one-shot and repeat modes, the ANEXO and ANEX1 pins can be used as analog input pins. Use the 
ADCON1 register’s OPA1 to OPAO bits to select whether or not use ANEXO and ANEX1. 
The A-D conversion results of ANEXO and ANEX1 inputs are stored in the ADO and AD1 registers, 
respectively. 

(d) External Operation Amp Connection Mode 
Multiple analog inputs can be amplified using a single external op-amp via the ANXEO and ANEX1 pins. 
Set the ADCON1 registers OPA1 OPAO bits to ‘112’ (external op-amp connection mode). The inputs from 
ANi (i = 0 to 7) ‘Note 1) are output from the ANEXO pin. Amplify this output with an external op-amp before 
sending it back to the ANEX1 pin. The A-D conversion result is stored in the corresponding ADi register. 
The A-D conversion speed depends on the response characteristics of the external op-amp. Note that the 
ANXEO0 and ANEX1 pins cannot be directly connected to each other. Figure 1.22.9 is an example of how 
to connect the pins in external operation amp. 


Note: ANoi and AN2i can be used the same as ANi. However, if Vcc2 < Vcc1, do not use ANoi and AN2i as 
analog input pins. 





Microcomputer 


ADCON2 register's ADGSEL1 to ADGSELO bits=002 





AAKARAAA SA 
[TTT TTT TTT 
Successive conversion 

register 















































Comparator 





External op- 
amp 








Figure 1.22.9. External Op-amp Connection 
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(e) Current Consumption Reducing Function 
When not using the A-D converter, its resistor ladder and reference voltage input pin (VREF) can be 
separated using the ADCON1 register’s VCUT bit. When separated, no current will flow from the VREF pin 
into the resistor ladder, helping to reduce the power consumption of the chip. 
To use the A-D converter, set the VCUT bit to “1” (VREF connected) and then set the ADCONO register’s 
ADST bit to “1” (A-D conversion start). The VCUT and ADST bits cannot be set to “1” at the same time. 
Nor can the VCUT bit be set to “O” (VREF unconnected) during A-D conversion. 
Note that this does not affect VREF for the D-A converter (irrelevant). 


(f) Analog Input Pin and External Sensor Equivalent Circuit Example 


Figure 1.22.10 shows analog input pin and external sensor equivalent circuit example. 


Microcomputer 





Sensor equivalent 
circuit 





Sampling time 


Vc Sample-and-hold function enabled: oe 


Sample-and-hold function disabled: = 














Figure 1.22.10. Analog Input Pin and External Sensor Equivalent Circuit 
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D-A Converter 


This is an 8-bit, R-2R type D-A converter. These are two independent D-A converters. 
D-A conversion is performed by writing to the DAi register (i = 0 to 1). To output the result of conversion, set 
the DACON register’s DAIE bit to “1” (output enabled). Before D-A conversion can be used, the correspond- 
ing port direction bit must be cleared to “O” (input mode). Setting the DAIE bit to “1” removes a pull-up from 
the corresponding port. 
Output analog voltage (V) is determined by a set value (n : decimal) in the DAi register. 

V = VREF X n/ 256 (n = 0 to 255) 

VREF : reference voltage 

Table 1.23.1 lists the performance of the D-A converter. Figure 1.23.1 shows the block diagram of the D-A 
converter. Figure 1.23.2 shows the D-A converter related registers. Figure 1.23.3 shows the D-A converter 
equivalent circuit. 


Table 1.23.1. D-A Converter Performance 


Performance 
D-A conversion method R-2R method 

Resolution 8 bits 

Analog output pin 2 (DAO and DA1) 











Data bus low-order 


DAO register 
R-2R resistor ladder O—(C) DAo 


DAOE bit 


DA1 register 


R-2R resistor ladder O—(Q) DAt 
DAIE bit 





Figure 1.23.1. D-A Converter Block Diagram 
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D-A control register (Note) 
b7 b6 b5 b4 bs b2 bt bd Symbol Address After reset 


LL I) DACON 03DC16 0016 
| DAOE D-AO output enable bit 1 old a a 
D-A1 output enable bit - : coe ae, 
: Output enable: 


Nothing is assigned. In an attempt to write to these bits, write “O”. 
The value, if read, turns out to be “O” 


Note: When not using the D-A converter, clear the DAIE bit (i = 0 to 1) to “O” (output disabled) to reduce the 
unnecessary current consumption in the chip and set the DAi register to ‘0016’ to prevent current from 
flowing into the R-2R resistor ladder. 


D-Ai register (Note) (i= 0 to 1) 
_ - Symbol Address After reset 


DAO 03D816 Indeterminate 
Lo DA1 03DA16 Indeterminate 
: 


Output value of D-A conversion 


Note: When not using the D-A converter, clear the DAIE bit (i = 0 to 1) to “O” (output disabled) to reduce the 
unnecessary current consumption in the chip and set the DAi register to ‘0016’ to prevent current from 
flowing into the R-2R resistor ladder. 





Figure 1.23.2. DACON Register, DAO Register, and DA1 Register 


DAIE bit 
“Q” 


ovo 


“4” 





DAi register 





AVss (_) 
VREF (_) 











Note: The above diagram shows an instance in which the DAO register is assigned “2A16”. 





Figure 1.23.3. D-A Converter Equivalent Circuit 
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CRC Calculation 


The Cyclic Redundancy Check (CRC) operation detects an error in data blocks. The microcomputer uses 
a generator polynomial of CRC_CCITT (X16 + X12 + X° + 1) to generate CRC code. 

The CRC code consists of 16 bits which are generated for each data block in given length, separated in 8 
bit units. After the initial value is set in the CRCD register, the CRC code is set in that register each time one 
byte of data is written to the CRCIN register. CRC code generation for one-byte data is finished in two 
cycles. 

Figure 1.24.1 shows the block diagram of the CRC circuit. Figure 1.24.2 shows the CRC-related registers. 
Figure 1.24.3 shows the calculation example using the CRC operation. 


Data bus high-order 


CRC code generating circuit 
x16 4 x12 4 x54 4 


CRCIN register 





Figure 1.24.1. CRC Circuit Block Diagram 


CRC data register 


8) Symbol Address After reset 


CRCD 03BD16 to O3BCi6 = Indeterminate 





Function Setting range 





'---4 When data is written to the CRCIN register after setting 000016 to FFFFie6 | RW 
the initial value in the CRCD register, the CRC code can 
be read out from the CRCD register. 


CRC input register 


Address After reset 
O3BE16 Indeterminate 


Figure 1.24.2. CRCD Register and CRCIN Register 
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Setup procedure and CRC operation when generating CRC code “80C416” 


(a) CRC operation performed by the M16C 


CRC code: Remainder of a division in which the value written to the CRCIN register with its bit positions reversed is 
divided by the generator polynomial 


Generator polynomial: X16 + X12 + x5 + 1 (1 0001 0000 0010 00012) 


(b) Setting procedure 


(1) Reverse the bit positions of the value “80C416” bytewise in a program. 
“8016” — “O116”, “C416” — “2316” 


b15 bo 


(2) Write 000016 (initial value) —» [ CRCD register 


b7 bo 


Two cycles later, the CRC code for “8016,” i.e., 
918816, has its bit positions reversed to become 
“118916” which is stored in the CRCD register. 


b15 bo 


118916 CRCD register 


b7 bo 


(4) Write 2316 [| CRCIN register 


Two cycles later, the CRC code for “80C416,” i.e., 
825016, has its bit positions reversed to become 
“0A4116” which is stored in the CRCD register. 


b15 bo 


0A4116 CRCD register 


(c) Details of CRC operation 


In the case of (3) above, the value written to the CRCIN register “0116 (000000012)” has its bit positions reversed to 
become “100000002.” The value “1000 0000 0000 0000 0000 00002” derived from that by adding 16 digits and the 
CRCD register’s initial value “000016” are added, the result of which is divided by the generator polynomial using 
modulo-2 arithmetic. 


Modulo-2 operation is 
operation that complies 
1000 1000 with the law given below. 
1 0001 0000 0010 0001 | 4900 0000 0000 0000 0000 0000 Pata 
1000 1000 0001 0000 1 
Generator polynomial 1000 0001 0000 1000 0 
1000 1000 0001 0000 1 
1001 0001 1000 1000 
a 








tee 
Soo 





noueou wou 
oe ee Et oo] 


CRC code 


The value “0001 0001 1000 10012 (118916)” derived from the remainder “1001 0001 1000 10002 (918816)” by 
reversing its bit positions may be read from the CRCD register. 


If operation (4) above is performed subsequently, the value written to the CRCIN register “2316 (0010001 12)” has its bit 
positions reversed to become “110001002. The value “1100 0100 0000 0000 0000 00002” derived from that by adding 
16 digits and the remainder in (3) “1001 0001 1000 10002” which is left in the CRCD register are added, the result of 
which is divided by the generator polynomial using modulo-2 arithmetic. 

The value “0000 1010 0100 00012 (0A4116)” derived from the remainder by reversing its bit positions may be read 
from the CRCD register. 





Figure 1.24.3. CRC Calculation 
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Programmable I/O Ports 


The programmable input/output ports (hereafter referred to simply as “I/O ports”) consist of 87 lines PO to 
P10 (except P85) for the 100-pin version, or 113 lines PO to P14 (except P85) for the 128-pin version. Each 
port can be set for input or output every line by using a direction register, and can also be chosen to be or 
not be pulled high every 4 lines. P85 is an input-only port and does not have a pull-up resistor. Port P85 
shares the pin with NMI, so that the NMI input level can be read from the P8 register P8_5 bit. 
Figures 1.25.1 to 1.25.4 show the I/O ports. Figure 1.25.5 shows the I/O pins. 
Each pin functions as an I/O port, a peripheral function input/output, or a bus control pin. 
For details on how to set peripheral functions, refer to each functional description in this manual. If any pin 
is used as a peripheral function input or D-A converter output pin, set the direction bit for that pin to “O” (input 
mode). Any pin used as an output pin for peripheral functions other than the D-A converter is directed for 
output no matter how the corresponding direction bit is set. 
When using any pin as a bus control pin, refer to “Bus Control.” 
PO to P5, P12, and P13 are capable of Vcc2-level input/output; P6 to P11 and P14 are capable of Vcc1- 
level input/output. 
(1) Port Pi Direction Register (PDi Register, i = 0 to 13) 
Figure 1.25.6 shows the direction registers. 
This register selects whether the I/O port is to be used for input or output. The bits in this register corre- 
spond one for one to each port. 
During memory extension and microprocessor modes, the PDi registers for the pins functioning as bus 
control pins (Ao to A19, Do to D15, CSO to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA, and 
BCLKk) cannot be modified. 
No direction register bit for P85 is available. 


(2) Port Pi Register (Pi Register, i = 0 to 13) 


Figure 1.25.7 and 1.25.8 show the Pi registers. 
Data input/output to and from external devices are accomplished by reading and writing to the Pi register. 
The Pi register consists of a port latch to hold the input/output data and a circuit to read the pin status. For 
ports set for input mode, the input level of the pin can be read by reading the corresponding Pi register, 
and data can be written to the port latch by writing to the Pi register. 
For ports set for output mode, the port latch can be read by reading the corresponding Pi register, and 
data can be written to the port latch by writing to the Pi register. The data written to the port latch is output 
from the pin. The bits in the Pi register correspond one for one to each port. 
During memory extension and microprocessor modes, the PDi registers for the pins functioning as bus 
control pins (Ao to A19, Do to D15, CSO to CS3, RD, WRL/WR, WRH/BHE, ALE, RDY, HOLD, HLDA, and 
BCLK) cannot be modified. 

(3) Pull-up Control Register 0 to Pull-up Control Register 2 (PURO to PUR2 Registers) 
Figure 1.25.9 shows the PURO to PUR2 registers. 
The PURO to PURZ2 register bits can be used to select whether or not to pull the corresponding port high 
in 4 bit units. The port chosen to be pulled high has a pull-up resistor connected to it when the direction bit 
is set for input mode. 
However, the pull-up control register has no effect on PO to P3, P40 to P43, and P5 during memory 
extension and microprocessor modes. Although the register contents can be modified, no pull-up resis- 
tors are connected. 


(4) Port Control Register 








Figure 1.25.10 shows the port control register. 
When the P1 register is read after setting the PCR registers PCRO bit to “1”, the corresponding port latch 
can be read no matter how the PD1 register is set. 
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Pull-up selection 














Direction register 





P0o to P07, P20 to P27 _~— (inside dotted-line 


included) ry <q 


Data bus —e#4 Port latch 






































P30 to P37, P40 to P47, 


P50 to P54, P5e, 
P110 to P117(Note 2), hie a: j— 
P120 to P127(Note 2), (inside dotted-line 




















P130 to P137(Note 2), not included) 
P140, P141(Note 2) 











| Analog input 


Pull-up selection 




















Ploto P14 Direction register 


<J 


Port P1 control register 


Port latch 










































































Pull-up selection 

















Direction register 


<J 


Port P1 control register 





P15 to P17 












































Data bus —e#4 Port latch 






































Input to respective peripheral functions <I 





Pull-up selection 


Direction p—— 
= 


P57, P60, P64, P73 to P76, register 


P80, P81, P90, P92 { <}4 hia vee > 


Dd 
























































Output 
Data bus —-e— Port latch Ets 














a 


Input to respective peripheral functions ——<j 


boseeddee symbolizes a parasitic diode. 
Make sure the input voltage on each port will not exceed Vcc. 
Vcc: Vcc1 for the port P6 to P11 and P14, and Vcc2 for the port PO to P5 and P12 to P13. 


Note 2: Available in only the 128-pin version. 

















Figure 1.25.1. I/O Ports (1) 
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Pull-up selection 








Direction 
P61, P65, P72 register 




















<q * Sate ¢ 


Output 
Port latch 2 



































< | Switching 
between 
CMOS and 


<| Nch 


Input to respective peripheral functions 


























Pull-up selection 
P82 to P84 








Direction register 
e a 
Data bus —#— Port latch 


q 
q 


Input to respective peripheral functions 

































































Pull-up selection 














Direction register 
e <] 
Data bus —-+—+ Port latch 


q 
q 


Input to respective peripheral functions Gf 





P55, P77, P91, P97 



























































Mee beet symbolizes a parasitic diode. 
Make sure the input voltage on each port will not exceed Vcc. 
Vcc: Vcc for the port P6 to P11 and P14, and Vccz for the port PO to P5 and P12 to P13. 


Note 2: Available in only the 128-pin version. 





Figure 1.25.2. I/O Ports (2) 
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Pull-up selection 


Direction register Poa 
ey ae 
+a 


Data bus —#— Port latch 

















P62, P66 















































¢ Switching 


between —— 


< CMOS and Nch 


Input to respective peripheral functions << 

















Pull-up selection 

















Direction register [+ PS. 
Ho, 
Data bus —+ Port latch Cups 


Switching between CMOS and Nch 










































































Data bus <q 


NMI interrupt input 

















Direction register 
bis 
<] * Se 


Output | 
Port latch : > 


Input to respective peripheral functions {| 


















































Doceeddeeses symbolizes a parasitic diode. 
Make sure the input voltage on each port will not exceed Vcc. 
Vcc: Vcct1 for the port P6 to P11 and P14, and Vccz for the port PO to P5 and P12 to P13. 


Note 2: ----+4------ symbolizes a parasitic diode. 





Figure 1.25.3. I/O Ports (3) 
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P100 to P103 Pull-up selection 


(inside dotted-line 
not included) 
P104 to P107 
(inside dotted-line t < 
included) 





Direction register 





















































Data bus —+— Port latch 


— 
— 






































Pull-up selection 


D-A output enabled ———]>o, 


Direction register |—¢ [> 


r <J 


Data bus —#4 Port latch | 


Input to respective peripheral functions ——<it—__+ 


Analog output o-8 
D-A output enabled 





































































































Pull-up selection 














Direction register |-+ 
if 
+ <q + =o + 


Output 
Data bus—+— Port latch i 


Analog input 




































































Pull-up selection 














Direction register [+ [>e 
e <] + oe 2 


Output—e_! 
Data bus—#— Port latch —_S ? 


nput to respective peripheral functions ——<1___} 










































































Analog input 


t---4----- symbolizes a parasitic diode. 
Make sure the input voltage on each port will not exceed Vcc. 
Vcc: Vcci for the port P6 to P11 and P14, and Vccz for the port PO to P5 and P12 to P13. 





Figure 1.25.4. I/O Ports (4) 
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Pull-up selection 

















Direction register 











' < 


Data bus —# Port latch 

































































Pull-up selection 











Direction register + 
nye 
<] + Ss 


Output 
Port latch | te 


Note: ----4 \------ symbolizes a parasitic diode. 
Make sure the input voltage on each port will not exceed Vcc. 
Vcc: Vcc for the port P6 to P11 and P14, and Vccz2 for the port PO to P5 and P12 to P13. 






























































Figure 1.25.5. I/O Ports (5) 





BYTE signal input 


CNVss 





CNVss signal input 


RESET 





RESET signal input Gf 


ee oes symbolizes a parasitic diode. 
Make sure the input voltage on each port will not exceed Vcc1. 
Note 2: A parasitic diode on the Vcc1 side is added to the mask ROM version. 
Make sure the input voltage on each port will not exceed Vcc1. 





Figure 1.25.6. I/O Pins 
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Port Pi direction register (i=0 to 7 and 9 to 13) (Note 1, 2, 3) 


Symbol Address After reset 
PDO to PD3 03E216, 03E316, O3E616, 03E716 0016 
p76 pS p43 be bi 60) = PD4 to PD7 O3EA16, O3EBi6, O3EE16, OSEFi6 0016 
PD9 to PD12 03F316, 03F616, 0O3F716, O3FA16 0016 
PD13 03FB16 0016 


po. [PoiPosieson ot 
Cee 

- —___— - (Functions as an input port) 
+; Output mode 
(Functions as an output port) 
(i= 0t07 and 910 13) 
rPOI_6 | Por Pie direction bit 


Note 1: Make sure the PD9 register is written to by the next instruction after setting the PRCR 
register’s PRC2 bit to “1” (write enabled). 

Note 2: During memory extension and microprocessor modes, the PD register for the pins 
functioning as bus control pins (Ao to A19, Do to D15, CSo to CS3, RD, WRL/WR, WRH/BHE, 
ALE, RDY, HOLD, HLDA and BCLk) cannot be modified. 

Note 3: To use ports P11 to P14, set the PUR3 register’s PU37 bit to “1” (enable). If this bit is set to 
“OQ” (disable), the P11 to P14 pins are placed in the high-impedance state. 








Port P8 direction register 


b7 b6 bS b4 b3 b2 bi b0 


Symbol Address After reset 
PD8 O3F216 00X000002 


; [Bit symbol 
PD8_0 Port P80 direction bit 
PD8_1 Port P81 direction bit 0 : Input mode 
—___ - (Functions as an input port) 
PD8_2 Port P82 direction bit 1 : Output mode 
PD8_3 Port P83 direction bit (Functions as an output port) 
PD8_4 Port P84 direction bit 


Nothing is assigned. In an attempt to write to this bit, write “O”. 
The value, if read, turns out to be indeterminate. 


Port P86 direction bit 0 : Input mode 
(Functions as an input port) 


a : 1 : Output mode 
Port P87 direction bit (Functions as an output port) 





Figure 1.25.7. PDO to PD13 Registers 
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Port Pi register (i=O to 7 and 9 to 13) (Note 2, 3) 


Symbol Address After reset 
PO to P3 03E016, 03E116, 03E416, 03E516 Indeterminate 
P4 to P7 03E816, 03E916, O3EC16, O3EDi6 Indeterminate 
P9 to P12 03F 116, 03F416, 03F516, 03F816 Indeterminate 
P13 03F916 Indeterminate 


| Bitsymbol | ___—Bitname_—— | Function | RW 
fPiO =| PortPiobit = The pin level on any I/O port which is | RW | 
Solin nbd (Ri 
— aueets reading the corresponding bit in this 
register. | RW 
The pin level on any I/O port which is | RW | 


b7 b6 bS b4 b3 b2 bil 


= — set for output mode can be controlled 
by writing to the corresponding bit in | RW | 
= 0: “L’ level 
Pe PomPebt | os) ita’ Paw 
(i=0t0 7 and 9 to 13) RW, 
: Since P7o and P71 are N-channel open drain ports, the data is high-impedance. 
: During memory extension and microprocessor modes, the Pi register for the pins 
functioning as bus control pins (Ao to A19, Do to D15, CSo to CS3, RD, WRL/WR, WRH/BHE, 
ALE, RDY, HOLD, HLDA and BCLk) cannot be modified. 
: To use ports P11 to P14, set the PUR3 register’s PU37 bit to “1” (enable). If this bit is set to 


“0” (disable), the P11 to P14 registers are cleared to ‘0016’ and the P11 to P14 pins are 
placed in the high-impedance state. 








Port P8 register 


b7_b6 bS b4 b3 b2 bi b0 Symbol After reset 
P8 Indeterminate 


Bitsymbol | ___Bitname | Function | RW 
oe ee The pin level on any I/O port which is | RW | 
set for input mode canbe read by | RW | 
reading the corespondng bt inthis [RW | 

— ; register. 
The pin level on any I/O port which is | RW | 
set for output mode can be controled [ RW, 
: by writing to the corresponding bit in 
this register (except for P85) | RO] 





Figure 1.25.8. PO to P13 Registers 
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Port P14 control register (128-pin package) 


b7 b6 b5 b4 b3 b2 bi b0 


Symbol Address After reset 
PC14 03DE16 XX0O0XXXX2 


Bit symbol 


. The pin level on any I/O port which is 

P140 Port P140 bit set for input mode can be read by 

reading the corresponding bit in this 

register. 

The pin level on any I/O port which is 

set for output mode can be controlled 
P141 Port P141 bit by writing to the corresponding bit in 

this register 

0: “L” level 

1: “H” level 


Nothing is assigned. In an attempt to write to this bit, write “O”. The | 


value, if read, turns out to be indeterminate. 


PD140 Port P14o direction bit 0 : Input mode : 
(Functions as an input port) 
1: Output mode 
PD141 Port P141 direction bit (Functions as an output port) 


Nothing is assigned. In an attempt to write to this bit, write “O”. The 
value, if read, turns out to be indeterminate. 


Pull-up control register 3 (128-pin package) 


b7 b6 bS b4 b3 b2 bi b0 


Symbol Address After reset 
PUR3 O3DF16 0016 


1: Pulled high (Note 1) 


PU37 P11 to P14 enabling bit re Unusable (Note 2) 
: Usable 


Note 1: The pin for which this bit is “1” (pulled high) and the direction bit is “O” (input mode) is pulled high. 
Note 2: If the PU37 bit is set to “O” (unusable), the P11 to P14 pins are placed in the high-impedance state and 
the P11 to P14 registers are cleared to “O”. 





Figure 1.25.9. PC14 Register and PUR3 Register 
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Symbol 
PURO 


Renesas microcomputers 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


After reset 
0016 


Bit symbol Bit name Function 


PU04 


PU06 
PUO7 


POo to P03 pull-up 
P04 to P07 pu 
P10 to P13 pu 
P14 to P17 pu 
P20 to P23 pu 
P24 to P27 pu 
P30 to P33 pu 
P34 to P37 pu 








0: Not pulled high 
1: Pulled high (Note 2) 





PU05 


Note 1: During memory extension and microprocessor modes, the pins are not pulled high although their 
corresponding register contents can be modified. 
Note 2: The pin for which this bit is “1” (pulled high) and the direction bit is “O” (input mode) is pulled high. 


Pull-up control register 1 


b7 b6 bS b4 b3 b2 bi b0 


Address 
03FD1i6 


After reset(Note 5) 
000000002 
000000102 


Bit symbol Bit name Function 
PU10 P40 to P43 pu 0 : Not pulled high 
PU11 P44 to P47 pu 1: Pulled high (Note 3) 


PU12 P50 to P53 pull-up 
PU13 


P54 to P57 pull-up 
P60 to P63 pu 
P64 to P67 pu 
P72 to P73 pu 


Symbol 
PUR1 











P74 to P77 pu 


: The P7o and P71 pins do not have pull-ups. 
: During memory extension and microprocessor modes, the pins are not pulled high although the contents 
of these bits can be modified. 
: The pin for which this bit is “1” (pulled high) and the direction bit is “O” (input mode) is pulled high. 
: If the PMO1 to PMOO bits are set to “012” (memory expansion mode) or “112” (microprocessor mode) in a 
program during single-chip mode, the PU11 bit becomes “1”. 
: The values after hardware reset 1 and 2 are as follows: 
* 000000002 when input on CNVss pin is “L“ 
* 000000102 when input on CNVss pin is “H“ 
The values after software reset, watchdog timer reset and oscillation stop detection reset are as follows: 
* 000000002 when PM 01 to PMO0 bits of PMO register are “002" (single-chip mode) 
* 000000102 when PM 01 to PMO0 bits of PMO register are “O12“ (memory expansion mode) or 
“1 12" (microprocessor mode) 





Pull-up control register 2 


b7 b6 bS5 b4 b3 b2 bi b0 
After reset 


0016 


Address 
O3FE16 


Symbol 
PUR2 


Bit symbol Bit name Function | RW] 
P80 to P83 pull-up 0 : Not pulled high 





PU21 
PU22 


PU24 
PU25 


(b7-b6) 


P84 to P87 pull-up (Note 2) 


1 : Pulled high (Note 1) 


P90 to P93 pull-up 
P94 to P97 pull-up 
P100 to P103 pull-up 


P104 to P107 pull-up 


Nothing is assigned. In an attempt to write to these bits, write 
“0”. The value, if read, turns out to be “O”. 





Note 1: The pin for which this bit is “1” (pulled high) and the direction bit is “O” (input mode) is pulled high. 
Note 2: The P85 pin does not have pull-up. 





Figure 1.25.10. PURO to PUR2 Registers 
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Port control register 


Bie bo /08E ee De 010 Symbpl Address After reset 


PCR O3FFi6 0016 


Bit symbol 


Port P1 control bit Operation performed when the P1 

register is read 

0: When the port is set for input, 
the input levels of P10 to P17 
pins are read. When set for 
output, the port latch is read. 

1: The port latch is read 
regardless of whether the port 
is set for input or output. 


on Nothing is assigned. In an attempt to write to these bits, 
(b7-b1) write “0”. The value, if read, turns out to be “0”. 


Figure 1.25.11. PCR Register 


1 
1 
' 
' 
' 
' 
1 
' 
L 
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Table 1.25.1. Unassigned Pin Handling in Single-chip Mode 


Pin name Connection 


Ports 


PO to P7, P80 to P84, | After setting for input mode, connect every pin to Vss via a resistor(pull-down); 


P86 to P87, P9 to P14 or after setting for output mode, leave these pins open. (Note 1, 2 ,3) 





XOUT 


(Note 4) Open 





NMI 


Connect via resistor to VCC1 (pull-up) 





AVcc 


Connect to Vcc1 





AVSS, 


Note 1: 


Note 2: 
Note 3: 


Note 4: 
Note 5: 


VREF, BYTE Connect to VSS 








When setting the port for output mode and leave it open, be aware that the port remains in input mode until 
it is switched to output mode in a program after reset. For this reason, the voltage level on the pin becomes 
indeterminate, causing the power supply current to increase while the port remains in input mode. 
Furthermore, by considering a possibility that the contents of the direction registers could be changed by 
noise or noise-induced runaway, it is recommended that the contents of the direction registers be 
periodically reset in software, for the increased reliability of the program. 

Make sure the unused pins are processed with the shortest possible wiring from the microcomputer pins 
(within 2 cm). 

When the ports P7o and P71 are set for output mode, make sure a low-level signal is output from the pins. 
The ports P70 and P71 are N-channel open-drain outputs. 

With external clock input to XIN pin. 

When not using all of the P11 to P14, the P11 to P14 pins may be left open by setting the PURS register’s 
PU37 bit to “O” (P11 to P14 unusable) without causing any problem. 


Table 1.25.2. Unassigned Pin Handling in Memory Expansion Mode and Microprocessor Mode 


Pin name Connection 


Ports PO to P7, P80 to P84, After setting for input mode, connect every pin to Vss via a resistor (pull-down); 


P86 to 


P87, P9 to P14 or after setting for output mode, leave these pins open. (Note 1, 2, 3, 4) 





P45 /CS1 to P47/ CS3 Connect to Vcc via a resistor (pulled high) by setting the PD4 register’s 


corresponding direction bit for CSi (i=1 to 3) to “O” (input mode) and the CSR 
register’s CSi bit to “0” (chip select disabled). 





BHE, ALE, HLDA, XouT(Note 5), | Open 


BCLK (Note 6) 





HOLD, 


RDY Connect via resistor to VCc2 (pull-up) 





NMI (P85) Connect via resistor to VcC1 (pull-up) 





AVcc 


Connect to Vcc1 





AVSS, VREF Connect to Vss 


Note 1: 


Note 2: 


Note 3: 


Note 4: 


Note 5: 
Note 6: 


Note 7: 








When setting the port for output mode and leave it open, be aware that the port remains in input mode until 
it is switched to output mode in a program after reset. For this reason, the voltage level on the pin becomes 
indeterminate, causing the power supply current to increase while the port remains in input mode. 
Furthermore, by considering a possibility that the contents of the direction registers could be changed by 
noise or noise-induced runaway, it is recommended that the contents of the direction registers be 
periodically reset in software, for the increased reliability of the program. 

Make sure the unused pins are processed with the shortest possible wiring from the microcomputer pins 
(within 2 cm). 

If the CNVss pin has the Vss level applied to it, these pins are set for input ports until the processor mode 
is switched over in a program after reset. For this reason, the voltage levels on these pins become 
indeterminate, causing the power supply current to increase while they remain set for input ports. 

When the ports P7o and P71 are set for output mode, make sure a low-level signal is output from the pins. 
The ports P70 and P71 are N-channel open-drain outputs. 

With external clock input to XIN pin. 

If the PM07 bit in the PMO register is set to “1” (BCLK not output), connect this pin to Vcc2 via a resistor 
(pulled high). 

When not using all of the P11 to P14, the P11 to P14 pins may be left open by setting the PUR3 register’s 
PU37 bit to “0” (P11 to P14 unusable) without causing any problem. 
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Port PO to P14 (except for P85, 
(Note 2) 


(Input mode 


(Input mode) 
(Output mode) 


‘NMI 
Xout 


AVcc 


In single-chip mode 


Renesas microcomputers 


M16C / 62P Group 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Microcomputer 





Port P6 to P14 (except for P85) 


(Note 2) (Input mode) 


(Input mode) 
(Output mode) 


Tega i 
Port P4s / CS1 BHE 


to P47 / CS3 HLDA 
ALE 


XOUT 
BCLK (Note) 


HOLD 
RDY 


AVcc 
AVSSs 


VREF 





In memory expansion mode or 


in microprocessor mode 








Note 1: If the PMO register’s PM07 bit is set to “1” (BCLK not output), connect this pin to VCC2 via a resistor 


(pulled high). 


Note 2: When not using all of the P11 to P14, the P11 to P14 pins may be left open by setting the PUR3 
register’s PU37 bit to “O” (P11 to P14 unusable) without causing any problem. 


Figure 1.25.12. Unassigned Pins Handling 
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Electrical Characteristics 


Table 1.26.1. Absolute Maximum Ratings 


Parameter Condition Rated value 
Vcci, Vec2 | Supply voltage Vcc1=AVcc -0.3 to 6.5 
Vcc2 Supply voltage Voce -0.3 to Vcc1+0.1 
AVcc Analog supply voltage Vcc1=AVcc -0.3 to 6.5 


Input RESET, CNVss, BYTE, 

voltage P60 to P67, P72 to P77, P80 to P87, 
P90 to P97, P100 to P107, P110 to P117, -0.3 to Vcc1+0.3 
P140, P141, 
VREF, XIN 














P0Oo to P07, P10 to P17, P20 to P27, 
P30 to P37, P40 to P47, P50 to P57, -0.3 to Voc2+0.3 
P120 to P127, P130 to P137 
P7o, P71 -0.3 to 6.5 


Output P60 to P67, P72 to P77, P80 to P84, 
voltage P86, P87, P90 to P97, P100 to P107, 
P110 to P117, P140, P141, 

XOUT 


POo to P07, P10 to P17, P20 to P27, 
P30 to P37, P4o to P47, P50 to P57, Delve 
P120 to P127, P130 to P137 


P70, P71 -0.3 to 6.5 
Power dissipation Topr=25 ‘C 300 








-0.3 to Vcc1+0.3 

















Operating ambient temperature -20 to 85 / -40 to 85 
Storage temperature -65 to 150 
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Table 1.26.2. Recommended Operating Conditions (Note 1) 


Veci, Vec2 


Parameter 


Supply voltage(Vcc12vcc2) 


Standard 





Typ. 


Max. 





AVcc 


Analog supply voltage 





Vss 


Supply voltage 





AVss 


Analog supply voltage 





HIGH input 
voltage 


P31 to P37, P40 to P47, P50 to P57, P120 to P127, P130 to P137 


0.8Vcc2 


Vcce 





P0o to P07, P10 to P17, P20 to P27, P30 (during single-chip mode) 


0.8Vcc2 


Vcce 





P0o to P07, P10 to P17, P20 to P27, P30 
(data input during memory expansion and microprocessor modes) 


0.5Vcc2 


Vcce 





P60 to P67, P72 to P77, P80 to P87, P90 to P97, P100 to P107, 
P110 to P117, P140, P141, 
Xin, RESET, CNVss, BYTE 


0.8Vcc1 


Vcci 





P70, P71 


0.8Vcc1 


6.5 





LOW input P31 to P37, P40 to P47, P50 to P57, P120 to P127, P130 to P137 


voltage 


0 


0.2Vcc2 





P0o to P07, P10 to P17, P20 to P27, P30 (during single-chip mode) 


0 


0.2Vcc2 





P0o to P07, P10 to P17, P20 to P27, P30 
(data input during memory expansion and microprocessor modes) 


0 


0.16Vcc2 





P60 to P67, P70 to P77, P80 to P87, P90 to P97, P100 to P107, 
P110 to P117, P140, P141, 
XIN, RESET, CNVss, BYTE 





0.2Vcc1 





1OH (peak) 


HIGH peak output 


current 


POo to P07, P10 to P17, P20 to P27,P30 to P37, 
P40 to P47, P50 to P57, P60 to P67,P72 to P77, 
P80 to P84,P86,P87,P90 to P97,P100 to P107, 
P110 to P117, P120 to P127, P130 to P137, P140, P141 





lou (avg) 


HIGH average 
output current 


POo to P07, P10 to P17, P20 to P27,P30 to P37, 
P40 to P47, P50 to P57, P60 to P67,P72 to P77, 
P80 to P84,P86,P87,P90 to P97,P100 to P107, 
P110 to P117, P120 to P127, P130 to P137, P140, P141 





lot (peak) 


LOW peak output 


current 


POo to P07, P10 to P17, P20 to P27,P30 to P37, 
P40 to P47, P50 to P57, P60 to P67,P70 to P77, 
P80 to P84,P86,P87,P90 to P97,P100 to P107, 
P110 to P117, P120 to P127, P130 to P137, P140, P141 





lot (avg) 


LOW average 
output current 


POo to P07, P10 to P17, P20 to P27,P30 to P37, 
P40 to P47, P50 to P57, P60 to P67,P70 to P77, 
P80 to P84,P86,P87,P90 to P97,P100 to P107, 
P110 to P117, P120 to P127, P130 to P137, P140, P141 





f (XIN) 


Main clock input oscillation frequency 


(Note 4) 


Vcc1=3.0 to 5.5V 


16 





Vcc1=2.7 to 3.0V 


20 X Vcc1-44 





f (XCIN) 


Sub-clock oscillation frequency 


50 





f (Ring) 


Ring oscillation frequency 





T(PLL) 


PLL clock oscillation frequency (Note 4) 


Vcc1=3.0 to 5.5V 


24 





Vcc1=2.7 to 3.0V 


46.67 X Vcci- 
116 





f (BCLK) 


CPU operation clock 


24 





Tsu(PLL) 





PLL frequency synthesizer stabilization wait time 


Vcci=5.0V 


20 








Vcc1=3.0V 














50 


Note 1: Referenced to Vcc = Vcc1 = Vcc2 = 2.7 to 5.5V at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise specified. 
Note 2: The mean output current is the mean value within 100ms. 
Note 3: The total lot (peak) for ports PO, P1, P2, P86, P87, P9, P10, P11, P140 and P141 must be 80mA max. The total loL (peak) 
for ports P3, P4, P5, P6, P7, P80 to P84, P12, and P13 must be 80mA max. The total IOH (peak) for ports PO, P1, and P2 
must be -40mA max. The total IOH (peak) for ports P3, P4, P5, P12, and P13 must be -40mA max. The total IOH (peak) for 
ports P6, P7, and P80 to P84 must be -40mA max. The total |OH (peak) for ports P86, P87, P9, P10, P11, P140, and P141 
must be -40mA max. 
Note 4: Relationship between main clock oscillation frequency, PLL clock oscillation frequency and supply voltage. 





Main clock input oscillation frequency 


20 x Vec1-44MHz 


L 


° 
S 


(XIN) operating maximum frequency [MHZ] 








S 
o 





2.7 3.0 5.5 


Vcc1[V] (main clock: no division) 


{(PLL) operating maximum frequency [MHz] 


0.0 





PLL clock oscillation frequency 


46.67 x Voc1-116MHz 








27 3.0 5.5 
Vcci1[V] (PLL clock oscillation) 
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Table 1.26.3. A-D Conversion Characteristics (Note 1) 


Parameter 


Resolution 


Measuring condition 


VREF =VCC1 


Standard 





Min. 


Typ. 





Integral 
non- 
linearity 
error 


VREF= 
Veci= 
5V 


ANo to AN7 input 





ANEXO, ANEX1 input 
External operation amp 
connection mode 

ANoo to ANo7 input 
AN20 to AN27 input 





ANo to AN7 input 





ANEXO, ANEX1 input 
External operation amp 
connection mode 

ANoo to ANo7 input 
AN20 to AN27 input 





VrerF =Vcc1=3.3V 





Absolute 
accuracy 


VREF= 
Veci= 
5V 


ANo to AN7 input 





ANEXO, ANEX1 input 
External operation amp 
connection mode 

ANoo to ANo7 input 
AN20 to AN27 input 








ANo to AN7 input 





ANEXO, ANEX1 input 
External operation amp 
connection mode 

ANoo to ANo7 input 
AN20 to AN27 input 











8 bit 


VreF =Vcc1=3.3V 





Differential non-linearity error 








Offset error 





Gain error 





RLADDER 


Ladder resistance 


Vrer =Vcc1 





tconv 


Conversion time(1 Obit), Sample & hold 
function available 


VREF = 


Vcc1=5V, @AD=10MHz 





tconv 


Conversion time(8bit), Sample & hold 
function available 


VREF = 


Vcci1=5V, gAD=10MHz 





tsAMP 


Sampling time 





VREF 


Reference voltage 





VIA 
Note 1: 





Analog input voltage 


specified. 


Note 2: 
Note 3: 





and make MAD frequency equal to or lower than faD/2. 


Note 4: 


If Vcc1 > Voce, do not use ANoo to ANo7 and AN20 to AN27 as analog input pins. 
AD operation clock frequency (@AD frequency) must be 10 MHz or less. And divide the fap if Vcc1 is less than 4.2V, 

















Referenced to Vcc1=AVCC=VREF=3.3 to 5.5V, VSS=AVss=OV at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise 


A case without sample & hold function turn @ab frequency into 250 kHz or more in addition to a limit of Note 3. 


A case with sample & hold function turn @abD frequency into 1MHz or more in addition to a limit of Note 3. 


Table 1.26.4. D-A Conversion Characteristics (Note 1) 


Parameter 


Resolution 


Measuring condition 


Standard 





Min. 


Typ. | Max. 





Absolute accuracy 





Setup time 





Output resistance 








Reference power supply input current 





(Note 2) 

















Note 1: Referenced to Vcc1=VREF=3.3 to 5.5V, VSs=AVSss=OV at Topr = -20 to 85 °C / -40 to 85 °C unless otherwise 
specified. 

Note 2: This applies when using one D-A converter, with the D-A register for the unused D-A converter set to “0016”. The 
A-D converter’s ladder resistance is not included. Also, when D-A register contents are not “0016”, the current 
IVREF always flows even though Vref may have been set to be unconnected by the A-D control register. 
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Table 1.26.5. Flash Memory Version Electrical Characteristics (Note 1) 100 times guarantee article 


Standard 
Typ. 





Parameter Measuring condition 


Word program time 





Block erase time 
Erase all unlocked blocks time 








Lock bit program time 
Flash memory circuit stabilization wait time 


Note 1: Referenced to Vcc1=4.5 to 5.5V, 3.0 to 3.6V at Topr = 0 to 60 °C unless otherwise specified. 
Note 2: n denotes the number of block erases. 


























Table 1.26.6. Flash Memory Version Electrical Characteristics (Note 1) 10000 times guarantee article 
(block1 and block A(Note 3)) 


Standard 


Parameter Measuring condition T 
D. 





Word program time 





Block erase time 
Erase all unlocked blocks time 








Lock bit program time 
Flash memory circuit stabilization wait time 


Note 1: Referenced to Vcc1=4.5 to 5.5V, 3.0 to 3.6V at Topr = 0 to 60 °C unless otherwise specified. 

Note 2: n denotes the number of block erases. 

Note 3: Shown here are the rated values for block 1 and block A when they have been programmed and erased more 
than 1,000 times. The rated values up to 1,000 times of programming and erasure are the same for all blocks 
as those products that are guaranteed of 100 times of programming and erasure. 


























Table 1.26.7. Flash Memory Version Program/Erase Voltage and Read Operation Voltage Characteristics 
(at Topr = 0 to 60°C) 


Flash program, erase voltage Flash read operation voltage 





Veoci1=3.3V+03Vor50V+0.5V Vcci=2.7 to 5.5 V 
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Table 1.26.8. Low Voltage Detection Circuit Electrical Characteristics (Note 1) 























Symbol Parameter Measuring condition wi Standard Unit 
in. Typ. Max. 

Vdet4 Voltage down detection voltage (Note 1) 3.3 3.8 4.4 Vv 

Vdet3 Reset level detection voltage (Notes 1, 2) 2.2 2.8 3.6 Vv 

Vdet3s Low voltage reset retention voltage Voci=0.8 to 5.5V 0.8 V 

Vdet3r Low voltage reset release voltage (Note 3) 2.2 2.9 4.0 Vv 

Vdet2 RAM retention limit detection voltage (Note 1) 1.4 2.0 2.7 Vv 








Note 1: Vdet4 > Vdet3 > Vdet2 
Note 2: Where reset level detection voltage is less than 2.7 V, if the supply power voltage is greater than the reset level detection voltage, the 

operation at f(BCLK) < 10MHz is guaranteed. 
Note 3: Vdet3r > Vdet3 is not guaranteed. 





Table 1.26.9. Power Supply Circuit Timing Characteristics 
































Standard 
































Symbol Parameter Measuring condition : P 
2 Min. Typ. Max. Unit 
td(P-R) Time for internal power supply stabilization during powering-on 2 ms 
td(R-S) STOP release time 150 is 
Vec1=2.7 to 5.5V 
td(W-S) | Low power dissipation mode wait mode release time 150 Ls 
td(M-L) Time for internal power supply stabilization when main clock oscillation starts 50 us 
td(S-R) Hardware reset 2 release wait time Vcc1=Vdet3r to 5.5V 6 (Note) 20 ms 
td(E-A) | Low voltage detection circuit operation start time Vec1=2.7 to 5.5V 20 bs 








Note : When Vcci = 5V 


Vcc1 Vdet3r _. 


Interrupt for 
stop mode 
release 





td(S-R) 
















CPU clock 
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Table 1.26.10. Electrical Characteristics (Note 1) 


Parameter 


Measuring condition 


VCC1 = 


Vcc2 = 5V 


Standard 





Min. 


Typ. 





HIGH output 
voltage 


P60 to P67,P72 to P77,P80 to P84,P86,P87,P90 to P97, 
P100 to P107,P110 to P117,P140,P141 


loH=-5mA 


Vec1-2.0 





P00 to P07,P 10 to P17,P20 to P27,P30 to P37, 
P40 to P47,P50 to P57,P120 to P127,P130 to P137 


loH=-5mA(Note 2) 


Vec2-2.0 





HIGH output 
voltage 


P60 to P67,P72 to P77,P80 to P84,P86,P87,P90 to P97, 
P100 to P107,P110 to P117,P140,P141 


loH=-200LA 


Vec1-0.3 








P00 to P07,P 10 to P17,P20 to P27,P30 to P37, 
P40 to P47,P50 to P57,P120 to P127,P130 to P137 


loH=-200LA(Note 2) 


Vec2-0.3 





HIGH output voltage 


HIGHPOWER 
XOUT 


loH=-1mA 


Vec1-2.0 





LOWPOWER 


loH=-0.5mA 


Vec1-2.0 











HIGH output voltage 


Xcout | HIGHPOWER 


With no load applied 





LOWPOWER 





With no load applied 





LOW output 
voltage 


P60 to P67,P70 to P77,P80 to P84,P86,P87,P90 to P97, 
P100 to P107,P110 to P117,P140,P141 


loL=5mA 





P00 to P07,P 10 to P17,P20 to P27,P30 to P37, 
P40 to P47,P50 to P57,P120 to P127,P130 to P137 


loL=5mA(Note 2) 





LOW output 
voltage 


P60 to P67,P70 to P77,P80 to P84,P86,P87,P90 to P97, 
P100 to P107,P110 to P117,P140,P141 


loL=200pA 








P00 to P07,P 10 to P17,P20 to P27,P30 to P37, 
P40 to P47,P50 to P57,P120 to P127,P130 to P137 


loL=200pA(Note 2) 








LOW output voltage 


LOW output voltage 


Xout HIGHPOWER 


loL=1mA 





LOWPOWER 


loLc=0.5mA 





Xcout HIGHPOWER 


With no load applied 





LOWPOWER 





With no load applied 





Hysteresis 


HOLD, RDY, TAOIN to TA4in, 
TBOIN to TB5iN, INTo to INTs, NMI, 
ADtra, CTSo to CTS2, SCL, SDA, 
CLKo to CLK4,TA2ouT to TA4our, 
Klo to KI3, RxDo to RxDa, Sins, SIN4 





Hysteresis 


RESET 





HIGH input 
current 


P00 to P07,P10 to P17,P20 to P27,P3o0 to P37, 

P40 to P47,P50 to P57,P60 to P67,P70 to P77, 

P80 to P87,P90 to P97,P100 to P107,P110 to P117, 
P120 to P127,P130 to P137,P140,P141, 

Xin, RESET, CNVss, BYTE 





LOW input 
current 


P0o to P07,P10 to P17,P20 to P27,P30 to P37, 

P40 to P47,P50 to P57,P60 to P67,P70 to P77, 

P80 to P87,P90 to P97,P100 to P107,P110 to P117, 
P120 to P127,P130 to P137,P140,P141, 

XIN, RESET, CNVss, BYTE 





RPULLUP 


Pull-up 
resistance 


P00 to P07,P10 to P17,P20 to P27,P30 to P37, 
P40 to P47,P50 to P57,P60 to P67,P72 to P77, 
P80 to P84,P86,P87,P90 to P97,P 100 to P107, 
P110 to P117,P120 to P127,P130 to P137,P140,P141 





Rixin 


Feedback resistance 


XIN 





RiXxcin 


Feedback resistance 


XCIN 





VRAM 





RAM retention voltage 


Note 1: Referenced to Vcc=Vcc1=Vcc2=4.2 to 5.5V, Vss=0V at Topr = -20 to 85 °C / -40 to 85 °C, f(BCLK)=24MHz unless otherwise specified. 
Note 2: Where the product is used at Vcci = 5 V and Vcc2 = 3 V, refer to the 3 V version value for the pin specified value on the Vcc2 port side. 





At stop mode 
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Vcci = Vcc2 = 5V 


Table 1.26.11. Electrical Characteristics (2) (Note 1) 













































































Symbol Parameter Measuring condition : Standard Unit 
Min. Typ. Max. 
In single-chip mode, the output Mask ROM f(BCLK)=24MHz, 
3 e Fe A 14 20 mA 
pins are open and other pins are No division, PLL operation 
Vss visi Fi ‘lati 
No division, Ring oscillation 1 mA 
Flash memory (BCLK)=24MHz, 
No division, PLL operation 18 af mA 
No division, Ring oscillation 1.8 mA 
Flash memory (BCLK)=10MHz, 
1 A 
Program Veci=5.0V ig o 
Flash memory (BCLk)=1 OMHz, 25 in 
Erase Vec1=5.0V 
Mask ROM (XCIN)=32kHz, 7 
Low power dissipation mode, 25 Hi 
fee Power supply current ROM(Note 3) 
(Vcc1=4.0 to 5.5V) 
Flash memo (BCLK)=32kHz, 
¥ Low power dissipation mode, 25 pA 
RAM(Note 3) 
(BCLK)=32kHz 
Low power dissipation mode, 420 pA 
Flash memory(Note 3) 
| Ring oscillation, 
A 
Wait mode 50 B 
f(BCLK)=32kHz, 
Wait mode (Note 2), 75 HA 
Mask ROM Oscillation capacity High 
Flash memory {(BCLK)=32kHz, 
Wait mode(Note 2), 2.0 HA 
Oscillation capacity Low 
Stop mode, 0.8 3.0 uA 
Topr=25°C . : 
Idet4 Voltage down detection dissipation current (Note 4) 0.7 4 uA 
Idet3 Reset area detection dissipation current (Note 4) 1.2 8 nA 
Idet2 RAM retention limit detection dissipation current (Note 4) 1.1 6 yA 























Note 1: Referenced to Vcc=Vcc1=Vcc2=4.2 to 5.5V, Vss=0V at Topr = -20 to 85 °C / -40 to 85 °C, f(BCLK)=24MHz unless otherwise specified. 
Note 2: With one timer operated using fc32. 
Note 3: This indicates the memory in which the program to be executed exists. 
Note 4: Idet is dissipation current when the following bit is set to “1” (detection circuit enabled). 
Idet4: VC27 bit of VCR2 register 
Idet3: VC26 bit of VCR2 register 
Idet2: VC25 bit of VCR2 register 





=tENESAS 


226 Renesas Technology Corp. 


Electrical Characteristics (Vcc1 = Vcc2 = 5V) 


Renesas microcomputers 


M16C / 62P Group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Timing Requirements 


Vcci = Vcc2 = 5V 


(Vcci = Vcc2 = 5V, Vss = OV, at Topr = — 20 to 85°C / — 40 to 85°C unless otherwise specified) 


Table 1.26.12. External Clock Input (XIN input) 


Parameter 


External clock input cycle time 


Standard 
Min. Max. 








External clock input HIGH pulse width 





External clock input LOW pulse width 





External clock rise time 





External clock fall time 

















Table 1.26.13. Memory Expansion Mode and Microprocessor Mode 


Parameter 


tact (RD-DB) Data input access time (for setting with no wait) 


Standard 
Min. Max. 








taca(RD-DB) Data input access time (for setting with wait) 





tac3(RD-DB) Data input access time (when accessing multiplex bus area) 





tsu(DB-RD) Data input setup time 





isu(RDY-BCLK) | RDY input setup time 





tsu(HOLD-BCLK )) HOLD input setup time 





th(RD-DB) Data input hold time 





th(BCLK-RDY) | RDY input hold time 





th(BCLK-HOLD) | HOLD input hold time 





ta(BCLK-HLDA ) | HLDA output delay time 





Note 1: Calculated according to the BCLK frequency as follows: 


0.5 X 109 
f(BCLK) = [ns] 


Note 2: Calculated according to the BCLK frequency as follows: 














— 9 
ill) aa nis “2” for 1-wait setting, “3” for 2-wait setting and “4” for 3-wait 
f(BCLK) [ns] soiing: 
Note 3: Calculated according to the BCLK frequency as follows: 
(n—0.5) X 109 _ 45 
f(BCLK) [ns] nis “2” for 2-wait setting, “3” for 3-wait setting. 
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Timing Requirements 
(Vcc1 = Vcc2 = 5V, Vss = OV, at Topr = — 20 to 85°C / — 40 to 85°C unless otherwise specified) 


Table 1.26.14. Timer A Input (Counter Input in Event Counter Mode) 
Standard 





tc(TA) 


Parameter 


TAIIN input cycle time 


Min. 


Max. 





tw(TAH) 


TAiIN input HIGH pulse width 








tw(TAL) 


Table 1.26.15. Timer A Input (Gating Input in Timer Mode) 


te(TA) 


TAiIN input LOW pulse width 


Parameter 


TAIIN input cycle time 











Standard 





Min. 


Max. 





tw(TAh) 


TAiIN input HIGH pulse width 





tw(TAL) 





TAiIN input LOW pulse width 





Table 1.26.16. Timer A Input (External Trigger Input in One-shot Timer Mode) 


te(TA) 


Parameter 


TAIIN input cycle time 








Standard 





Min. 


Max. 





tw(TAH) 


TAiIN input HIGH pulse width 





tw(TAL) 





TAIIN input LOW pulse width 











Table 1.26.17. Timer A Input (External Trigger Input in Pulse Width Modulation Mode) 
Standard 


Symbol 


tw(TAH) 


Parameter 


TAiIN input HIGH pulse width 





Min. 
100 


Max. 





tw(TAL) 


Table 1.26.18. Timer A Input (Counter Increment/decrement Input in Event Counter Mode) 


tc(UP) 


| TAiin input LOW pulse width 


Parameter 


TAiouT input cycle time 





100 








Standard 





Min. 


Max. 





tw(UPH) 


TAioutT input HIGH pulse width 





tw(UPL) 


TAiouT input LOW pulse width 





tsu(UP-TIN) 


TAiouT input setup time 





th(TIN-UP) 





TAiouT input hold time 





Table 1.26.19. Timer A Input (Two-phase Pulse Input in Event Counter Mode) 


te(TA) 


Parameter 


TAiIN input cycle time 








Standard 





Min. 


Max. 





tsu(TAIN-TAOUT) 


TAiouT input setup time 





tsu(TAOUT-TAIN) 


228 





TAIIN input setup time 
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Timing Requirements 
(Vcci = Vcc2 = 5V, Vss = OV, at Topr = — 20 to 85°C / — 40 to 85°C unless otherwise specified) 


Table 1.26.20. Timer B Input (Counter Input in Event Counter Mode) 


Standard 
Min. Max. 





Parameter 


tc(TB) TBiIN input cycle time (counted on one edge) 

tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 
tc(TB) TBiIN input cycle time (counted on both edges) 

tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 
































Table 1.26.21. Timer B Input (Pulse Period Measurement Mode) 


Standard 
Min. Max. 





Parameter 


TBiIN input cycle time 
TBiIN input HIGH pulse width 
TBiIN input LOW pulse width 























Table 1.26.22. Timer B Input (Pulse Width Measurement Mode) 


Standard 
Min. Max. 





Parameter 


TBiIN input cycle time 
TBiIN input HIGH pulse width 
TBiiN input LOW pulse width 























Table 1.26.23. A-D Trigger Input 


Symbol Parameter siandale 
Min. Max. 


tc(AD) ADrTra input cycle time (trigger able minimum) 1000 
tw(ADL) ADtRrG input LOW pulse width 125 




















Table 1.26.24. Serial I/O 


Standard 
Min. Max. 


Parameter 





te(Ck) CLKi input cycle time 
tw(CKh) CLKi input HIGH pulse width 
tw(CKL) CLKi input LOW pulse width 
ta(C-Q) TxDi output delay time 
th(Cc-Q) TxDi hold time 

tsu(D-C) RxDi input setup time 

th(C-D) RxDi input hold time 



































Table 1.26.25. External Interrupt INTi Input 


Standard 
Symbol Parameter : 
Min. Max. 


tw(INH) INTi input HIGH pulse width 250 
tw(INL) INTi input LOW pulse width 250 
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Vcci = Vcc2 = 5V 


(Vcc1 = Vcc2 = 5V, Vss = OV, at Topr = — 20 to 85°C / — 40 to 85°C _ unless otherwise specified) 


Table 1.26.26. Memory Expansion and Microprocessor Modes (for setting with no wait) 


td(BCLK-AD) Address output delay time 

th(BCLK-AD) Address output hold time (refers to BCLK) 

th(RD-AD) Address output hold time (refers to RD) 

th(WR-AD) Address output hold time (refers to WR) 

td(BCLK-CS) Chip select output delay time 

th(BCLK-cs) Chip select output hold time (refers to BCLK) 

ta(BCLK-ALE) | ALE signal output delay time 

th(BcLk-ALE) | ALE signal output hold time 
( 
( 
( 
( 
( 
( 
( 























Figure 1.26.1 





td(BCLK-RD) RD signal output delay time 

th(BCLK-RD) RD signal output hold time 

taiBcLk-wr) | WR signal output delay time 

thiBcLk-wr) | WR signal output hold time 

td(BCLK-DB) Data output delay time (refers to BCLK) 
th(BCLK-DB) Data output hold time (refers to BCLK)(Note 3) 





























td(DB-wr) Data output delay time (refers to WR) 
th(WR-DB) Data output hold time (refers to WR)(Note 3) 
Note 1: Calculated according to the BCLK frequency as follows: 
0.5X109 _ 4, 
f(BCLK) [ns] f(BCLK) is 12.5MHZ or less. 
Note 2: Calculated according to the BCLK frequency as follows: 
0.5 X 109 ~ 40 
f(BCLK) [ns] 


Note 3: This standard value shows the timing when the output is off, 
and does not show hold time of data bus. 
Hold time of data bus varies with capacitor volume and pull-up 
(pull-down) resistance value. 
Hold time of data bus is expressed in 
= —CR X In (1 — VOL / Vcc2) 
by a circuit of the right figure. 


For example, when VOL = 0.2Vcc2, C = 30pF, R = 1kQ, hold time 


of output “L” level is 
= — 30pF X 1kQ X In (1 — 0.2Vcc2/ Vcc2) 
= 6.7ns. 








Parameter Measuring condition 


Standard 
Min. Max. 

































































Figure 1.26.1. Ports PO to P10 Measurement Circuit 
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Switching Characteristics 
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Table 1.26.27. Memory Expansion and Microprocessor Modes 
(for 1- to 3-wait setting and external area access) 





Standard 
Min. Max. 


Parameter Measuring condition 


td(BCLK-AD) Address output delay time 
th(BCLK-AD) Address output hold time (refers to BCLK) 
th(RD-AD) Address output hold time (refers to RD) 
th(WR-AD) Address output hold time (refers to WR) 
td(BCLK-Cs) Chip select output delay time 
th(BCLK-cs) Chip select output hold time (refers to BCLK) 
ta(BcLK-ALE) | ALE signal output delay time 
thiBcik-aLeE) | ALE signal output hold time Figure 1.26.1 

( 

( 

( 

( 

( 

( 

( 


















































td(BCLK-RD) RD signal output delay time 

th(BCLK-RD) RD signal output hold time 

taBcLk-wr) | WR signal output delay time 

thiBclk-wR) | WR signal output hold time 

td(BCLK-DB) Data output delay time (refers to BCLK) 
th(BCLK-DB) Data output hold time (refers to BCLK)(Note 3) 
ta(DB-wr) Data output delay time (refers to WR) 

th(wR-DB) Data output hold time (refers to WR)(Note 3) 


Note 1: Calculated according to the BCLK frequency as follows: 






























































(n-0.5) X 109 _ Ao nis “1” for 1-wait setting, “2” for 2-wait 
{(BCLK) [ns] setting and “3” for 3-wait setting. 
When n=1, f(BCLK) is 12.5MHZ or less. 





Note 2: Calculated according to the BCLK frequency as follows: 


0.5X109 |, 
{(BCLK) [ns] 


Note 3: This standard value shows the timing when the output is off, 

and does not show hold time of data bus. 
Hold time of data bus varies with capacitor volume and pull-up 
(pull-down) resistance value. 
Hold time of data bus is expressed in 

t =—CR X In (1 — VoL / Vcc2) 
by a circuit of the right figure. 
For example, when VOL = 0.2Vcc2, C = 30pF, R = 1kQ, hold time 
of output “L” level is 

t =—30pF X 1kQ X In (1 — 0.2Vcc2/ Vcc2) 

= 6.7ns. 
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Table 1.26.28. Memory Expansion and Microprocessor Modes 
(for 2- to 3-wait setting, external area access and multiplex bus selection) 


Standard 
Min. Max. 





Parameter Measuring condition 


taBcLk-aD) | Address output delay time 

th(BcLk-AD) | Address output hold time (refers to BCLK) 
th(RD-AD) Address output hold time (refers to RD) 
th(wR-AD) Address output hold time (refers to WR) 


























ta(BcLk-cs) _ | Chip select output delay time 
tniBcLk-cs) _| Chip select output hold time (refers to BCLK) 4 
thiRD-cs) Chip select output hold time (refers to RD) (Note 1) 
th(wr-cs) Chip select output hold time (refers to WR) (Note 1) 
ta(BcLK-RD) _| RD signal output delay time 
th(BcLk-RD) _| RD signal output hold time 






































ta(BcLk-wr) _| WR signal output delay time 

th(iBcLk-wr) | WR signal output hold time 

ta(BcLk-DB) | Data output delay time (refers to BCLK) 
th(BcLk-DB) | Data output hold time (refers to BCLK) 4 
ta(DB-wR) Data output delay time (refers to WR) (Note 2) 
th(wR-DB) Data output hold time (refers to WR) (Note 1) 
ta(BcLK-ALE) | ALE signal output delay time (refers to BCLK) 
th(BcLk-ALE) | ALE signal output hold time (refers to BCLK) -4 
td(AD-ALE) ALE signal output delay time (refers to Address) (Note 3) 








Figure 1.26.1 


















































th(ALE-AD) ALE signal output hold time (refers to Adderss) 
ta(AD-RD) RD signal output delay from the end of Adress 


td(AD-wR) WR signal output delay from the end of Adress 
tdz(RD-AD) Address output floating start time 


Note 1: Calculated according to the BCLK frequency as follows: 


0.5X109 | 
f(BCLK) [ns] 






































Note 2: Calculated according to the BCLK frequency as follows: 
(n-0.5) X 109 _ 
f(BCLK) [ns] n is “2” for 2-wait setting, “3” for 3-wait setting. 


Note 3: Calculated according to the BCLK frequency as follows: 


0.5X109 
f(BCLK) [ns] 


Note 4: Calculated according to the BCLK frequency as follows: 


0.5X109 
f(BCLK) [ns] 
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Vcci = Vcc2 = 5V 





TAIIN input 








TAiOUT input 











TAiOUT input 
(Up/down input) x 
During event counter mode 
TAIIN input 


(When count on falling th(Tin-UP) tsu(UP-Tin) 
edge is selected) 


TAIIN input \ / 


(When count on rising 
edge is selected) 








Two-phase pulse input in 
event counter mode 





TAIIN input 
tsu(TAIN-TAouT) 


tsu(TAIN-TAOUT 
<—____> 


tsu(TAout-TAIN) 
TAiOUT input 
tsu(TAout-TAIN) 


tc(TB) 





TBIIN input 








ADTRG input 








Figure 1.26.2. Timing Diagram (1) 
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Vcci = Vcc2 = 5V 








TxDi 








RxDi 





INTi input 











Figure 1.26.3. Timing Diagram (2) 
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Vcci = Vcc2 = 5V 


Memory Expansion Mode, Microprocessor Mode 
(Effective for setting with wait) 


BCLK 


RD 
(Separate bus) 





WR, WRL, WRH 
(Separate bus) 


RD 
(Multiplexed bus) 





WR, WRL, WRH 
(Multiplexed bus) 


RDY input 


tsu(RDY—BCLKk) >>| th(BCLK-RDY) 








(Common to setting with wait and setting without wait) 


tsu(HOLD-BCLK) 
2 : 


HOLD input 


HLDA output | 
td(BCLK-HLDA 3 ha td(BCLK-HLDA) 





PO, P41, P2, ! | \oeee- ay Ears We? 
papa, 


P50 to P52 


Note: The above pins are set to high-impedance regardless of the input level of the 
BYTE pin, PMO6 bit in PMO register and PM11 bit in PM1 register. 


Measuring conditions : 

* VCC1=VCC2=5V 

* Input timing voltage : Determined with VIL=1.0V, VIH=4.0V 

* Output timing voltage : Determined with VOL=2.5V, VOH=2.5V 





Figure 1.26.4. Timing Diagram (3) 
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Vcci = Vcc2 = 5V 


Memory Expansion Mode, Microprocessor Mode 
(For setting with no wait) 


Read timing 


: td(BCLK-Cs) 
' 1 

<< 25ns.max 
1 ' 





td(BCLK-AD) 
<> 25ns.max 


1 
fa(BCLK-ALE) —_—_th(BCLK-ALE) * '& th(RD-AD) ! 
i 25ns.max PE -4ns.min 


Ons.min 


H 

H 

H 

td(BCLK-RD) ‘ 
rable 

“>! 25ns.max Pi 

! ' 

; fi 

tact(RD-DB) | f 

1 1 ‘ 

(0.5 X teyc-45)ns.max <P i 

i : c 


tsu(0B-RD) pie th(RD-DB) 


40ns.min " Ons.min 


Write timing 


1 fH 

ta(BCLK-cs) ' | th(BCLK-cs) 

> 25ns.max | ! ' 4) 4ns.min 
i : 


rt 





ta(BCLK-AD) : 
Pa 25ns.max ! 


4 ' 
| fa(BCLK-ALE) + | th(BCLK-ALE) ' 
i 25ns.max i st ans.min 
i 


, td(BCLK-wR) th(BCLK-wr) 


1 25ns.max Ons.min 


td(BCLK-DB) ,th(BCLK-DB) 
: 

<< 40ns.max 

' 


i 
H 





ta(DB-wr) th(WR-DB) 

(0.5 X tcyc-40)ns.min (0.5 X tcyc-10)ns.min 

tcyc= 
f(BCLK) 

Measuring conditions 
« Voc1=Vcc2=5V 
* Input timing voltage =: VIL=0.8V, VIH=2.0V 
* Output timing voltage : VOL=0.4V, VOH=2.4V 





Figure 1.26.5. Timing Diagram (4) 
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Vcci = Vcc2 = 5V 


Memory Expansion Mode, Microprocessor Mode 
(for 1-wait setting and external area access) 


Read timing 


| ta(BcLK-cs) 
>" 25ns.max 
; 
' 





' 
| th(BCLk-cs) 
<> 4ns.min 

1 


td(BCLK-AD) ; 
tg pi 25ns.max | } \ ith(BCLk-aD) | 
‘e> i ' 
i i 4 1 4ns.min ' 





7 : ! 

| td(BCLK-ALE) 'th(BCLK-ALE) } th(RD-AD) - ' 
i ) ‘ 

“€-P! 25ns.max Po! -4ns.min H ' Ons.min 

1 of ' H 


ta(BCLK-RD) th(BCLK-RD) ' 


1 
‘> 25ns.max | i +! ons.min 
' 1 i 





taca(RD-DB) | 
(1.5 X teyc-45)ns.max 





tsu(DB-RD) ~ ' Ons.min 
40ns.min 


: ta(BCLK-cs) ' 1 ' ' th(BCLK-CS) 
sf) 25ns.max | } : “> 4ns.min 
1 1 1 1 i 





' ' ' 1 ' 
' ‘ ' H 

| fa(BCLK-AD) ' ' —th(BCLK-AD) | 

<> 25ns.max ! > 4ns.min 


| td(BCLK-ALE) ' , th(BCLK-ALE) | ‘1 th(WR-AD) | 

‘a >»! aot ie Han iene 

nt-> 25ns.max id -4ns.min | 11 (0.5 X teye-10)ns.min 
i 

roy q : ie t 


' td(BCLK-WR) i th(BCLK-WR) ! 


‘> >< 
i 1 25ns.max fie Ons.min 
1 
tt 


td(BCLK-DB) i ' , th(BCLK-DB) H 
' H 
i> 40ns.max 


>< > 





ta(0B-WA), th(WR-DB) 

(0.5 X teyc-40)ns.min (0.5 X tcyc-10)ns.min 
tcyc= ——————- 
as f(BCLK) 
Measuring conditions 
* Voc1=VCc2=5V 
«Input timing voltage —: VIL=0.8V, VIH=2.0V 
* Output timing voltage : VOL=0.4V, VOH=2.4V 





Figure 1.26.6. Timing Diagram (5) 
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Vcci = Vcc2 = 5V 


Memory Expansion Mode, Microprocessor Mode 
(for 2-wait setting and external area access ) 


Read timing 


' th(BCLK-Cs) 
1 td(BCLK-CS) !4ns.min 
me 1 


— 25ns.max 





1 1 
td(BCLK-AD) th(BCLK-AD) 
vi 25ns.max 





1 
1 
f 
u 1 
' 1 
1 % % Va 

ta(BCLK-RD) i : ' —> i¢— th(BCLK-RD) 

‘¢_y) 25ns.max t : " '{ Ons.min 


‘ taca(RD-DB)! 
(2.5 X tcyc-45)ns.max 





tSU(DB-RD) ¥ 
40ns.min Ons.min 


, th(BCLk-cs) 


td(BCLK-Cs) a 
1 Ans. 


—_— 25ns.max 
q 





H td(BCLK-AD) i i i 1. th(BCLK-AD) 
> \¢— 25ns.max 





i 

td(BCLK-ALE) i 

25ns.max th(BCLK-ALE) 
a> 1 ig -4ns.min 


, 
; 
ta(BCLK-WR) 11 th(BCLK-wR) 
; ‘ 4 ons.min 
= —25ns.max us : 





td(DB-WR) ; thiwr-DB) 
(1.5 X tcyc-40)ns.min (0.5 X teye-10)ns.min 


teyc= 


; 
f(BCLK) 


Measuring conditions 

* Voc1=Vcc2=5V 

* Input timing voltage =: VIL=0.8V, VIH=2.0V 

* Output timing voltage : VOL=0.4V, VOH=2.4V 





Figure 1.26.7. Timing Diagram (6) 
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® 
3 
° 
= 
i~ 
° 
a 
” 
® 
a) 
re) 
i= 
a. 
° 
i= 
= 
= 
a 
3 
) 
= 
= 
= 
a 
ra 
© 
2. 
x 
Ww 
> 
— 
° 
£ 
® 
= 


= 
wn 
wn 
o 
oO 
Oo 
oO 
oO 
oO 
pa 
oO 
oO 
c 
= 
oO 
p41 
x 
oO 
ue) 
c 
oO 

D 
Cc 
P=] 
o 
wn 
= 
oO 
= 
oO 
fe 
Oo 
= 

— 


D 
£ 
£ 
= 
3 
© 
® 
oc 


td(BCLK-ALE) 
25ns.max 


th(BCLK-ALE) 
-4ns.min 


— 


a 


(3.5 X tcyc-45)ns.max 





tsU(DB-RD) hi * th(RD-DB) 


Ons.min 


40ns.min 


Write timing 


th(BCLK-CS) 


ta(BcLk-cs) 


th(wR-AD) 


(0.5 X teyc-10)ns.min 


25ns.max 


th(BCLK-DB) 


40ns.max 


te 





th(wR-DB) 
(0.5 X tcyc-10)ns.min 


(2.5 X tcyc-40)ns.min 


=5V 


Measuring conditions 
=Vcc2 


«Vcc1 


2.0V 
2.4V 


0.8V, VIH 
0.4V, VOH 


: VIL=0. 
: VOL 


* Input timing voltage 
* Output timing voltage 





Figure 1.26.8. Timing Diagram (7) 
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Vcci = Vcc2 = 5V 


Memory Expansion Mode, Microprocessor Mode 
(For 1- or 2-wait setting, external area access and multiplex bus selection) 


Read timing 


td(BCLK-cS) | i 1 \ f 


; 25ns.max 
q i 





‘d(AD-ALE) | 


(0.5 X teyc-25)ns.min 
Pit 


Kddress 


i 
th(ALE-AD) | 
1 (0.5 X teyc-15)ns.min 
peewee a ee 
tdZ(RD-AD) 


8ns.max | 
'  tac3(RD-DB) 


1(1.5 X teyc-45)ns.mak 





fh 





40ns.min 
1 


> 





id(AD-RD) 
Ons.min 


Pare 25ns.max 
q 


th(RD-cs) 


(0.5 X teyc-10)ns.min 


decciee Data input eee 


t 9 thiR0-D8) 
i tsU(DB-RD) 


1 , 
© Ons.min 


—- 4ns.min 





' th(BCLK-ALE) 


25ns.max ve i 
> qe ans.min 


, ta(BCLK-AD) 


‘d(BCLK-ALE) 


‘d(BCLK-RD) 


4 >: 25ns.max 
1 


> 


Write timing 


BCLK 





(0.5 X toyc-10)ns.mi 


td(BCLK-DB) 
1 ; 40ns.max 
H 
q 


Data output, 


th(BCLK-AD) 


' Th(RD-AD) t ! 


(0.5 X tcyc-10)ns.min 


‘th(BCLK-RD) | 
‘+ Ons.min 1 


1 th(BCLK-cs) 
> 4ns.min 


th(wR-Cs) 


" th(BCLK-DB) 


in 
1 
T 
1 
f 
' 4ns.min 
1 
Y 
1 


ae 





ta(DB-WR) 


| ta(AD-ALE) H : (1.5 X teyc-40)ns.min 

(0.5 X tcyc-25)ns.min ! t 
1 
1 
1 
1 
1 
1 
1 
1 


td(BCLK-AD) 


| 25ns.max 
1 


td(BCLK-ALE) 
; 
> 25ns.max 


th(BCLK-ALE) 
>< -4ns.min 


‘ ta(AD-WR) 


p> «qe Ons.min 


| ig th(wR-DB): 


(0.5 X teyc-10)ns.min 


th(BCLK-AD) 
1 ' 4ns.min 


th(wR-AD) | 
(0.5 X teyc-10)ns.min 





H 

‘td(BCLK-WR) | 
5 25 

i+ ns.max 


f(BCLK) 

Measuring conditions 

* Veci=Vcc2=5V 

* Input timing voltage =: VIL=0.8V, VIH=2.0V 

* Output timing voltage : VOL=0.4V, VOH=2.4V 


tcyc= 


Figure 1.26.9. Timing Diagram (8) 


+ | th(BCLK-WR) 


ie Ons.min 
1 
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Vcci = Vcc2 = 5V 


Memory Expansion Mode, Microprocessor Mode 
(For 3-wait setting, external area access and multiplex bus selection) 


Read timing 


1 
th(RD-cs) 
(0.5 X teyc-10)ns.min, th(BCLK-cs) 
1 


td(BCLK-Cs) ‘ey 4ns.min 
1 qe > 


25ns.max 
1 


(0.! 5 X teyc- 25)ns. min 





' 
t 
Pees So Sse ecis. se se, 7 
t t 
t 


T ‘e taz( AD- AD) i H 
itgBcLi-AD) ta(AD-RD) | 8ns.max @ac3(RD-DB) th(BCLK-AD) 
. ' i it 4 2.5 X teyc-45) ns.max . 4ns.mi 
ADi wre 1 Ons.min ( tcyc-45) v 4 . __ 4ns.min 


BHE 
(no multiplex) 


ta BCLK- -ALE) H d 
25ns.max ' : h(RD-AD) 

; | th(BCLK-ALE) 0.5 X teyo-10)ns.min 

> — -4ns.min 


i 
f 
f 
f 
f 
i f 
f f 
Mal 
| td(AD-ALE) oe I 
f f 
1 f 
i 
f 
f 





\ 
t 
t 
i 
f 
i : th(BCLK-RD) 
1. td(BCLK-RD) Ons.min 

1 25ns.max 


Write timing 


BCLK 


1 fi 
1 ' 
1 th(WR-Cs) 1 
(0.5 X teyc-10)ns.min 


i ! 
4 f 
' th(BCLK-Cs) 
, td(BCLK-Cs) 1. .! 4ns.min 
f 
h 


f 1 f 
1 1 1 
' ' ' 
1 1 1 
> 25ns.max i H i ‘ i 1 
1 1 ' ' 1 —_______._ v 
Csi \ ' ' t i ' 
. i) 1 if : 
f f f 
1 1 1 
1 1 
1 1 
1 





yp 40n8. max pre 4ns.min 
v 
h 
1 
1 
i 


es 


H ae DB) ' th(BCLK-DB) 


1 >'¢ 
taAD‘ALE) 


(0. 5 X teyc- 25)ns. min 
1 





taos. WR) 


1 
| th(WR-DB) 
1 

(2.5 X toye- 40)ns.min i (0 

1 1 

1 
1 
1 
1 


.5 X teyc-10)ns.min 
1 1 

ta (BCLK-AD) : 
25ns.max 


Vee 


ADi 
BHE 


(no multiplex) 

im BCLK- -ALE) : 
th(WR-AD) 
' ta ‘AD-WR) (0.5 X teyc- yrs! min 


> aa Ons. min 


1 
H th(BCLK-wr) 
1 td(BCLK-WR) Ons.min 








teye= —BCLK) 

Measuring conditions 

* Voc1=VCc2=5V 

«Input timing voltage =: VIL=0.8V, VIH=2.0V 

* Output timing voltage : VOL=0.4V, VOH=2.4V 





Figure 1.26.10. Timing Diagram (9) 
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Vcci = Vcc2= 3V 


Table 1.26.29. Electrical Characteristics (Note) 


Parameter Measuring condition 


Standard 
Typ. 





HIGH output P0o to P07,P10 to P17,P20 to P27,P30 to P37, 
voltage P40 to P47,P50 to P57,P60 to P67,P72 to P77, 

P80 to P84,P86,P87,P90 to P97,P100 to P107, 

P110 to P117,P120 to P127,P130 to P137,P140,P141 





HIGHPOWER loH=-0.1mMA 
LOWPOWER loH=-50LA 





HIGH output voltage | XOUT 





Xcout | HIGHPOWER With no load applied 
LOWPOWER With no load applied 


LOW output —- POo to P07,P10 to P17,P20 to P27,P30 to P37, 
voltage P40 to P47,P50 to P57,P60 to P67,P70 to P77, 

P80 to P84,P86,P87,P90 to P97,P100 to P107, 

P110 to P117,P120 to P127,P130 to P137,P140,P141 


HIGH output voltage 











loL=1mA 





HIGHPOWER loL=0.1mMA 
LOWPOWER loL=50nA 
HIGHPOWER With no load applied 
LOWPOWER With no load applied 


Hysteresis HOLD, RDY, TAOIN to TA4in, 
TBOIN to TBSIN, INTo to INTs, NMI, 
ADrtra, CTSo to CTS2, SCL, SDA, 
CLKo to CLK4, TA2ouT to TA4ouT, 
Klo to Kis, RxDo to RxD2, Sins,Sin4 


Hysteresis RESET 


HIGH input — P00 to P07,P 10 to P17,P20 to P27,P30 to P37, 
current P4o to P47,P50 to P57,P60 to P67,P70 to P77, 
P80 to P87,P90 to P97,P100 to P107,P110 to P117, 
P120 to P127,P130 to P137,P140,P141, 


Xin, RESET, CNVss, BYTE 
LOW input P0o to P07,P10 to P17,P20 to P27,P30 to P37, 
current P40 to P47,P50 to P57,P60 to P67,P70 to P77, 


P80 to P87,P90 to P97,P100 to P107,P110 to P117, 
P120 to P127,P130 to P137,P140,P141, 


Xin, RESET, CNVss, BYTE 
RPuLLuP | Pull-up POo to P07,P10 to P17,P20 to P27,P30 to P37, 
resistance P40 to P47,P50 to P57,P60 to P67,P72 to P77, 


P80 to P84,P86,P87,P90 to P97,P100 to P107, 
P110 to P117,P120 to P127,P130 to P137,P140,P141 


RixIN Feedback resistance XIN 


LOW output voltage § XOUT 








LOW output voltage = XcouT 
































RiXciN Feedback resistance XCIN 
VRAM RAM retention voltage At stop mode 


























Note 1 : Referenced to Vec=Vcc1=Vcc2=2.7 to 3.3V, Vss=0V at Topr = -20 to 85 °C / -40 to 85 °C, f(BCLK)=10MHz unless otherwise specified. 
Note 2 : Vcc1 for the port P6 to P11 and P14, and Vccz2 for the port PO to P5 and P12 to P13. 
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Table 1.26.30. Electrical Characteristics (2) (Note 1) 













































































Symbol Parameter Measuring condition ___ Standard 
y 2 Min. Typ. Max. Unit 
In single-chip mode, the output —_| Mask ROM (BCLK)=10MHz, 8 4 hia 
pins are open and other pins are No division 
Vss No division, Ring oscillation { mA 
Flash memo! (BCLK)=10MHz, 
: No division 8 13 mA 
No division, Ring oscillation 18 mA 
Flash memon a 
Program u oe 12 mA 
Flash memory (BCLK)=10MHz, 
Eiger Vec1=3.0V ee _ 
Mask ROM f(XcIN)=32kHz, 
iesipati 25 HA 
Low power dissipation mode, 
Ico Power supply current ROM(Note 3) 
(Vcc1=2.7 to 3.6V) 
Flash memory f(BCLK)=32kHz, 25 
Low power dissipation mode, hA 
RAM(Note 3) 
f(BCLK)=32kHz, 
Low power dissipation mode, 420 HA 
Flash memory(Note 3) 
| Ring oscillation, A 
Wait mode 45 x 
f(BCLK)=32kHz, 
Wait mode (Note 2), 6.0 HA 
Mask ROM Oscillation capacity High 
Flash memory {(BCLK)=32kHz, 
Wait mode (Note 2), 1.8 pA 
Oscillation capacity Low 
Stop mode, 
0.7 3.0 A 
Topr=25°C as 
Idet4 Voltage down detection dissipation current (Note 4) 0.6 4 HA 
Idet3 Reset level detection dissipation current (Note 4) 0.4 HA 
Idet2 RAM retention limit detection dissipation current (Note 4) 0.9 4 HA 























Note 1: Referenced to Vcc=Vcc1=VCC2=2.7 to 3.3V, Vss=OV at Topr = -20 to 85 °C / -40 to 85 °C, f(BCLK)=10MHz unless otherwise specified. 
Note 2: With one timer operated using fcs2. 
Note 3: This indicates the memory in which the program to be executed exists. 
Note 4: Idet is dissipation current when the following bit is set to “1” (detection circuit enabled). 
Idet4: VC27 bit of VCR2 register 
Idet3: VC26 bit of VCR2 register 
Idet2: VC25 bit of VCR2 register 
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Timing Requirements 
(Vcc1 = Vcc2 = 3V, Vss = OV, at Topr = — 20 to 85°C / — 40 to 85°C unless otherwise specified) 


Table 1.26.31. External Clock Input (XIN input) 


External clock input cycle time 


Renesas microcomputers 


M16C / 62P Group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Vcci = Vcc2 = 3V 


Standard 





Parameter 


Max. 





External clock input HIGH pulse width 





External clock input LOW pulse width 





External clock rise time 








External clock fall time 














Table 1.26.32. Memory Expansion and Microprocessor Modes 


tac1(RD-DB) 


Parameter 


Data input access time (for setting with no wait) 


Standard 
Min. Max. 








tac2(RD-DB) 


Data input access time (for setting with wait) 





tac3(RD-DB) 


Data input access time (when accessing multiplex bus area) 





tsu(DB-RD) 
tsu(RDY-BCLK ) 
tsu(HOLD-BCLK ) 


Data input setup time 


RDY input setup time 
HOLD input setup time 



































th(RD-DB) Data input hold time 
thiBCLK-RDY)_| RDY input hold time 
th(BCLK-HOLD) | HOLD input hold time 
ta(BCLK-HLDA) | HLDA output delay time 
Note 1: Calculated according to the BCLK frequency as follows: 
0.5X109 
f(BCLK) [ns] 
Note 2: Calculated according to the BCLK frequency as follows: 
—| 9 
OS) 60 nis “2” for 1-wait setting, “3” for 2-wait setting and “4” for 3-wait 
{(BCLK) [ns] ; 
setting. 
Note 3: Calculated according to the BCLK frequency as follows: 
(n-0.5) X10°_ 4 
f(BCLK) [ns] nis “2” for 2-wait setting, “3” for 3-wait setting. 
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Vcci = Vcc2 = 3V 


Timing Requirements 
(Vcci = Vcc2 = 3V, Vss = OV, at Topr = — 20 to 85°C / — 40 to 85°C unless otherwise specified) 


Table 1.26.33. Timer A Input (Counter Input in Event Counter Mode) 


tc(TA) 


Parameter 


TAIIN input cycle time 


Standard 





Min. Max. 





tw(TAH) 


TAiIN input HIGH pulse width 








tw(TAL) 


Table 1.26.34. Timer A Input (Gating Input in Timer Mode) 


tc(TA) 


TAIIN input LOW pulse width 


Parameter 


TAIIN input cycle time 











Standard 








Min. Max. 





tw(TAH) 


TAiIN input HIGH pulse width 








tw(TAL) 


TAiIN input LOW pulse width 











Table 1.26.35. Timer A Input (External Trigger Input in One-shot Timer Mode) 


tc(TA) 


Parameter 


TAIIN input cycle time 


Standard 








Min. Max. 





tw(TAH) 


TAiIN input HIGH pulse width 





tw(TAL) 





Table 1.26.36. Timer A Input (External Trigger Input in Pulse Width Modulation Mode) 


TAiIN input LOW pulse width 

















a 
Symbol Parameter Unit 


tw(TAH) 


TAiIN input HIGH pulse width 


ae 





tw(TAL) 


TAIIN input LOW pulse width 











150 


ns 


Table 1.26.37. Timer A Input (Counter Increment/decrement Input in Event Counter Mode) 


tc(UP) 


Parameter 


TAiouT input cycle time 


Standard 





Min. Max. 





tw(UPH) 


TAiouT input HIGH pulse width 





tw(UPL) 


TAiouT input LOW pulse width 





tsu(UP-TIN) 


TAiouT input setup time 





th(Tin-UP) 





TAiouT input hold time 











Table 1.26.38. Timer A Input (Two-phase Pulse Input in Event Counter Mode) 


tc(TA) 


Parameter 


TAIIN input cycle time 


Standard 








Min. Max. 





tsu(TAIN-TAOuT) 


TAiouT input setup time 





tsu(TAOUT-TAIN) 


TAIIN input setup time 
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Timing Requirements 
(Vcc1 = Vcc2 = 8V, Vss = OV, at Topr = — 20 to 85°C / — 40 to 85°C unless otherwise specified) 


Table 1.26.39. Timer B Input (Counter Input in Event Counter Mode) 
Standard 


Min. Max. 





Parameter 


tc(TB) TBIIN input cycle time (counted on one edge) 

tw(TBH) TBiIN input HIGH pulse width (counted on one edge) 
tw(TBL) TBiIN input LOW pulse width (counted on one edge) 
tc(TB) TBIIN input cycle time (counted on both edges) 

tw(TBH) TBiIN input HIGH pulse width (counted on both edges) 
tw(TBL) TBiIN input LOW pulse width (counted on both edges) 
































Table 1.26.40. Timer B Input (Pulse Period Measurement Mode) 
Standard 
Min. Max. 





Parameter 


tc(TB) TBiIN input cycle time 
tw(TBH) TBiIN input HIGH pulse width 
tw(TBL) TBiIN input LOW pulse width 























Table 1.26.41. Timer B Input (Pulse Width Measurement Mode) 
Standard 
Min. Max. 





Parameter 


TBiIN input cycle time 
TBiIN input HIGH pulse width 
TBiIN input LOW pulse width 























Table 1.26.42. A-D Trigger Input 
Standard 


Min. Max. 
tc(AD) ADrtra input cycle time (trigger able minimum) 1500 
tw(ADL) AD7TRG input LOW pulse width 200 





Symbol Parameter 

















Table 1.26.43. Serial I/O 
Standard 


Min. Max. 





Parameter 


te(Ck) CLKi input cycle time 
tw(CKH) CLKi input HIGH pulse width 
tw(CKL) CLKi input LOW pulse width 
td(C-Q) TxDi output delay time 
th(C-Q) TxDi hold time 

tsu(D-C) RxDi input setup time 

th(C-D) RxDi input hold time 



































Table 1.26.44. External Interrupt INTi Input 


Standard 
Symbol Parameter - 
Min. Max. 


tw(INH) INTi input HIGH pulse width 380 
tw(INL) INTi input LOW pulse width 380 
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Vcci > Vcc2 = 3V 


(Vcc1 = Vcc2 = 3V, Vss = OV, at Topr = — 20 to 85°C / — 40 to 85°C unless otherwise specified) 


Table 1.26.45. Memory Expansion, Microprocessor Modes (for setting with no wait) 


Parameter Measuring condition 


td(BCLK-AD) Address output delay time 
th(BCLK-AD) Address output hold time (refers to BCLK) 
th(RD-AD) Address output hold time (refers to RD) 
th(wR-AD) Address output hold time (refers to WR) 
td(BCLK-Cs) Chip select output delay time 
th(BCLK-cs) Chip select output hold time (refers to BCLK) 
ta(BcLk-ALeE) | ALE signal output delay time 
thiBcLk-ALeE) | ALE signal output hold time Figure 1.26.11 

( 

( 

( 

( 

( 

( 

( 


























ta(BCLK-RD) RD signal output delay time 

th(BCLK-RD) RD signal output hold time 

taBcLk-wR) | WR signal output delay time 

thiBctk-wR) | WR signal output hold time 

td(BCLK-DB) Data output delay time (refers to BCLK) 
th(BCLK-DB) Data output hold time (refers to BCLK)(Note 3) 





























td(DB-wr) Data output delay time (refers to WR) 
th(wR-DB) Data output hold time (refers to WR)(Note 3) 
Note 1: Calculated according to the BCLK frequency as follows: 
0.5X109 _ 4, 
KBCES) insi {(BCLK) is 12.5MHZz or less. 


Note 2: Calculated according to the BCLK frequency as follows: 


0.5X109 _ 4, 
{(BCLK) [ns] 


Note 3: This standard value shows the timing when the output is off, 

and does not show hold time of data bus. 
Hold time of data bus varies with capacitor volume and pull-up 
(pull-down) resistance value. 
Hold time of data bus is expressed in 

t =—-CR X In (1 — VoL/ Vcc2) 
by a circuit of the right figure. 
For example, when VOL = 0.2Vcc2, C = 30pF, R = 1kQ, hold time 
of output “L” level is 

t =—30pF X 1kQ X In (1 — 0.2Vcc2/ Voce) 

= 6.7ns. 


Standard 





Max. 

































































Figure 1.26.11. Ports PO to P10 Measurement Circuit 
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Vcci > Vcc2 = 3V 


Switching Characteristics 
(Vcc1 = Vcc2 = 8V, Vss = OV, at Topr = — 20 to 85°C / — 40 to 85°C _ unless otherwise specified) 


Table 1.26.46. Memory expansion and Microprocessor Modes 
(for 1- to 3-wait setting and external area access) 


Standard 
Min. Max. 


Parameter Measuring condition 





td(BCLK-AD) Address output delay time 

th(BCLK-AD) Address output hold time (refers to BCLK) 
th(RD-AD) Address output hold time (refers to RD) 
th(WR-AD) Address output hold time (refers to WR) 
td(BCLK-Cs) Chip select output delay time 

th(BCLK-cs) Chip select output hold time (refers to BCLK) 
td(BCLK-ALE) | ALE signal output delay time Figure 1.26.11 
thBcLk-ALE) | ALE signal output hold time 

td(BCLK-RD) RD signal output delay time 

th(BCLK-RD) RD signal output hold time 

taiBcLk-wR) | WR signal output delay time 

th(BcLk-wR) | WR signal output hold time 

td(BCLK-DB) Data output delay time (refers to BCLK) 
th(BCLK-DB) Data output hold time (refers to BCLK)(Note 3) 

















































































































td(DB-wr) Data output delay time (refers to WR) 

th(WR-DB) Data output hold time (refers to WR)(Note 3) 

Note 1: Calculated according to the BCLK frequency as follows: 
(n—0.5) X 109 


= nis “1” for 1-wait setting, “2” for 2-wait setting 
f(BCLK) Ins] and “3” for 3-wait setting. 
When n=1, f(BCLK) is 12.5MHZ or less. 


Note 2: Calculated according to the BCLK frequency as follows: 


0.5X109 4, 
f(BCLK) [ns] 


Note 3: This standard value shows the timing when the output is off, 

and does not show hold time of data bus. 
Hold time of data bus varies with capacitor volume and pull-up 
(pull-down) resistance value. 
Hold time of data bus is expressed in 

t=—CR X In (1 — VoL / Vcc2) 
by a circuit of the right figure. 
For example, when VOL = 0.2Vcc2, C = 30pF, R = 1kQ, hold time 
of output “L” level is 

t= — 30pF X 1kQ X In (1 — 0.2Vcc2/ Vcc2) 

= 6.7ns. 
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Vcci > Vcc2 = 3V 


Switching Characteristics 
(Vcci = Vcc2 = 3V, Vss = OV, at Topr = — 20 to 85°C / — 40 to 85°C, unless otherwise specified) 


Table 1.26.47. Memory expansion and Microprocessor Modes 
(for 2- to 3-wait setting, external area access and multiplex bus selection) 


Standard 
Min. Max. 





Parameter Measuring condition 


ta(BcLk-aD) | Address output delay time 
th(iBcLk-AD) | Address output hold time (refers to BCLK) 
th(RD-AD) Address output hold time (refers to RD) 




















th(WR-AD) Address output hold time (refers to WR) 








taBcLk-cs) _| Chip select output delay time 

tniBcLk-cs) _| Chip select output hold time (refers to BCLK) 
th(RD-cs) Chip select output hold time (refers to RD) 
th(wR-cs) Chip select output hold time (refers to WR) 
ta(BcLK-RD) | RD signal output delay time 

thiBcLk-RD) _| RD signal output hold time 

taBcLk-wr) | WR signal output delay time 

th(BcLk-wr) | WR signal output hold time 

taBcLk-pB) | Data output delay time (refers to BCLK) 
th(iBcLk-DB) | Data output hold time (refers to BCLK) 
td(DB-wr) Data output delay time (refers to WR) 






































Figure 1.26.11 
































th(WR-DB) Data output hold time (refers to WR) 

ta(BcLk-ALE) | ALE signal output delay time (refers to BCLK) 
th(BcLk-ALE) | ALE signal output hold time (refers to BCLK) 
td(AD-ALE) ALE signal output delay time (refers to Address) 


























th(ALE-AD) ALE signal output hold time (refers to Adderss) 
ta(AD-RD) RD signal output delay from the end of Address 


td(AD-wr) WR signal output delay from the end of Address 
tdZ(RD-AD) Address output floating start time 


Note 1: Calculated according to the BCLK frequency as follows: 


0.5X109 
((BCLK) ~~ [ns] 






































Note 2: Calculated according to the BCLK frequency as follows: 


(n-0.5) X 109 _ 
f(BCLK) [ns] n is “2” for 2-wait setting, “3” for 3-wait setting. 


Note 3: Calculated according to the BCLK frequency as follows: 
0.5X109 
f(BCLK) [ns] 

Note 4: Calculated according to the BCLK frequency as follows: 


0.5X109 
((BCLK) — [ns] 
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Vcci = Vcc2= 3V 





TAIIN input 








TAiOUT input 











TAiOUT input 
(Up/down input) x 
During event counter mode 
TAIIN input 


(When count on falling th(Tin-UP) tsu(UP—Tin) 
edge is selected) 


TAIIN input \ / 


(When count on rising 
edge is selected) 








Two-phase pulse input in 
event counter mode 





TAIIN input 
tsu(TAIN-TAouT) 


tsu(TAIN-TAOUT) 
<—_> 


tsu(TAouT-TAIN) 
TAiOUT input 
tsu(TAouT-TAIN) 


tc(TB) 





TBIIN input 








ADTRG input 








Figure 1.26.12. Timing Diagram (1) 
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TxDi 
td(C-Q) tsu(D-C) 


x I< ><—>| th(C-D) 
RxDi te 


tw(INL) 








INTi input 











Figure 1.26.13. Timing Diagram (2) 
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Vcci = Vcc2= 3V 


Memory Expansion Mode, Microprocessor Mode 
(Effective for setting with wait) 


(Separate bus) 





WR, WRL, WRH 
(Separate bus) 


RD 
(Multiplexed bus) 





WR, WRL, WRH 
(Multiplexed bus) 


RDY input 


tsu(RDY—BCLk) th(BCLK-RDY) 








(Common to setting with wait and setting without wait) 


HOLD input 


HLDA output | : : po ! 
td(BCLK-HLDA) 





PO, P1, P2, 
P3, P4, 
P50 to P52 


Note: The above pins are set to high-impedance regardless of the input level of the 
BYTE pin, PMO6 bit of PMO register and PM11 bit of PM1 register. 


Measuring conditions : 

* VCC1=VCC2=3V 

* Input timing voltage : Determined with VIL=0.6V, VIH=2.4V 

* Output timing voltage : Determined with VOL=1.5V, VOH=1.5V 


Figure 1.26.14. Timing Diagram (3) 
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Vcci = Vcc2 = 3V 


Memory Expansion Mode, Microprocessor Mode 
(For setting with no wait) 
Read timing 


td(BCLK-CS) 
F 
<>" 30ns.max 


| th(BCLK-cs) 


4ns.min_ + 





it 





td(BCLK-AD) 


' 

i i tth(BCLK-AD) 

">" 30ns.max <> 
\ 





td(BCLK-ALE) th(BCLK-ALE) '* th(RD-AD) 
i 30ns.max > -4ns.min Ons.min 
1 1 4 


ta(BCLK-RD) 


' t th(BCLK-RD) | 
>" 30ns.max i ong min 


i= 


tsu(0B-RD) <i thiR-D8) 
50ns.min ' * Ons.min 


td(BCLK-cs) | f 1 ' th(BCLK-CS) 
>" 30ns.max! “>| 4ns.min 
' i 


ce 





> 


ta(BCLK-AD) th(BCLK-AD) 


>) 4ns.min 


sproccc ee 


3 
3 
2 





h ' ; 
1 y 3 1 " 
7 | \<—______1_>! H ' 
h it , i 
te 


| td(BCLK-ALE) th(BCLK-ALE) 


' th(wR-AD)! 
= 30ns.max -4ns.min 
4 . 
u \ 


(0.5 X tcyc-10)ns.min 


— 








' td(BCLK-WR) i th(BCLK-wr) ! 


< * 30ns.max > ae Ons.min 


ta(BCLK-DB) |! 
es 
<> 4ons.max | 1 


¢ 





' 
ta(DB-wR) th(wR-DB) 
(0.5 X tcyc-40)ns.min (0.5 X tcyc-10)ns.min 


'e¥e= FBCLK) 


Measuring conditions 

* Veci=VCC2=3V 

* Input timing voltage —_: VIL=0.6V, VIH=2.4V 

* Output timing voltage : VOL=1.5V, VOH=1.5V 





Figure 1.26.15. Timing Diagram (4) 
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Vcci = Vcc2 = 3V 


Memory Expansion Mode, Microprocessor Mode 
(for 1-wait setting and external area access) 


Read timing 


' ' 
1 ta(BCLK-cs) | ' : | th(BCLK-cs) 
>" 30ns.max ' 











i< 


td(BCLK-AD) | ! ' ' 
‘« ' 30ns.max ' 1 ,th(BCLK-AD) ! 
1 \ mv 4ns.min 





| td(BCLK-ALE) 'th(BCLK-ALE) : ' th(RD-AD) | 
: i + 1 
¢>i30ns.max ! Me -4ns.min | Ons.min | 


f 
my ' 
! fd(BCLK-RD) ! t th(BCLK-RD) + 
>" 30ns.max | 1 1 it Ons.min 

' ' H i 





7 
1 tac2(RD-DB) | 
(1.5 X tcyc-60)ns.max 





re thiRD-DB) | 


tsuU(DB-RD) " Ons.min 


50ns.min 


Write timing 


BCLK 


td(BCLK-CS) 
> 30ns.max 











1 {d(BCLK-AD) ' th(BCLK-AD) 


i H ' 
<> 30ns.max ' t >) 4ns.min 


H : 1 1 1 
1 ta(BCLK-ALE) + | th(BCLK-ALE) : ' th(WR-AD) 
et > 30ns.max oe -4ns.min | 4 (0.5 X tcyc-10)ns.min 
' 
, ta(BCLK-wR) =|} th(BCLK-wR)! 


¢-> > 
i 1 30ns.max "1 | Ons.min 
H 1 


a a 


td(BCLK-DB) | 








, th(BCLK-DB) 
+> 40ns.max 
1 





td(DB-wR) th(WR-DB) 
(0.5 X teyc-40)ns.min (0.5 X teyc-10)ns.min 


1 


tcyc= ————— 
f(BCLK) 


Measuring conditions 
+ Vcc1=VCC2=3V 
* Input timing voltage —: VIL=0.6V, VIH=2.4V 
* Output timing voltage : VOL=1.5V, VOH=1.5V 





Figure 1.26.16. Timing Diagram (5) 
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Read timing 


thiBcLk-cs) 


th(BCLK-ALE) 








'¢— th(BCLK-RD) 





Ons.min 


tsu(DB-RD)*#—* th(RD-DB) 
50ns.min 


Write timing 











(0.5 X teyc-10)ns.min 


th(BCLK-ALE) 


to(BCLK-ALE) 














(0.5 X tcyc-10)ns.min 


(1.5 X tcyc-40)ns.min 


td(DB-WR) 


Measuring conditions 
=VCC2=3V 


«Vcc 


=2.4V 
=1.5V 


: ViL=0.6V, VIH 
: VOL=1.5V, VOH 


« Input timing voltage 
* Output timing voltage 





Figure 1.26.17. Timing Diagram (6) 
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th(BCLK-cs) 
th(BCLK-DB) 


4 th(RD-DB) 
Ons.min 
(0.5 X tcyc-10)ns.min 
th(WR-DB) 
(0.5 X teyc-10)ns.min 


50ns.min 
i 


tSU(DB-RD) ‘> 


| ta(DB-wr) 
(2.5 X tcyc-40)ns.min 
=2.4V 
=1.5V 


40ns.max 





va 
0.6V, VIH 
1.5V, VOH 


th(BCLK-ALE) 


‘ ~ 





Ans.mil 
VIL 
: VOL 


) 


'¢— 30ns.max 
- 3 
td(BCLK-Cs) 
td(BCLK-AD) 
ya 30ns.max 
3V 


;CLK-ALE} 


(Bi 
30ns.max 
1 


ta 


* Input timing voltage 


Measuring conditions 
Voce 
* Output timing voltage 


Write timing 
+ Vcc1 
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Vcci = Vcc2 = 3V 


Memory Expansion Mode, Microprocessor Mode 
(For 2-wait setting, external area access and multiplex bus selection) 


Read timing 


BCLK 
H th(BCLK-Cs) 
| ta(BCLK-Cs) 


f } 
' ' '_ thiRD-cs) 
<> 40ns.max ‘ T > b 
' 
‘ 
' 
1 


(0.5 X teyc-10)ns.min 





Csi 


(0.5 X tcyc-40)ns.min 
rt 





‘ td(AD-ALE) ' 


+ >>; thiRD-DB) ' 


1 : 
1 pl i 8ns.max! 


\ E feneee Data input }-------4--- {Address 
a. '  tdZ(RD-AD) ' f : 


1 tac3(RD-DB) tsu(DB-RD 


y 
) Ons.min 
50ns.min } i 
1 
1 
f 
1 
f 
\ 


7 
1 f 
A E (1.5 X teyc-60)ns.max | : 

i 14 : 
1 
1 
1 
1 
1 





ta(AD-RD) 


1 td(BCLK-AD) ' th(BCLK-AD) 


+" 40ns.max 1 


a H 
taBCLIC ALE) ttyBoLK-aLe) | th(RD-AD): 

! : 
i>! 40ns.max Pp  e_-4ns.min (0.5 X tcyc-10)ns;min 


' fa(BCLK-RD) ' 1 { th(BCLK-RD) | 
> 40ns.max | i >) Ons.min 
i 








Write timing 


BCLK 





1 1 rf 1 M + 
' td(BCLK-DB) ! th(BCLK-DB) 
> 50ns.max t ! 1) 4ns.min 


td(AD-ALE) | 1 








th(wr-DB)! 
| (0.5 X teyc-10)ns.min 


(0.5X tcyc-40)ns.min 
my 

1 

1 


td(BCLK-AD) | 


th(BCLK-AD) 


; eit — + 
LaBCLICALE) | thciK-aLey | 1! taap-wa) 


| th(WR-AD)! 

' ' i 

1 40ns.max ps xq -4ns.min 1 Ons.min , i 1 (0.5 X teyc-10)ns.min 
} 1 
' 


: 

: : 

t MH 1 ' 

n 1 ‘ 

! tfa(BCLK-WR)! |! th(BCLK-WR) 

i> 40ns.max “& Ons.min | 
: 


WR.WRL, 
WRH 


tcyc= ———— 
f(BCLk) 


Measuring conditions 

¢ Vcci=VCC2=3V 

* Input timing voltage =: VIL=0.6V, VIH=2.4V 

* Output timing voltage : VOL=1.5V, VOH=1.5V 





Figure 1.26.19. Timing Diagram (8) 
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Vcci = Vcc2 = 3V 


Memory Expansion Mode, Microprocessor Mode 
(For 3-wait setting, external area access and multiplex bus selection) 
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Measuring conditions 
* Voc1=VCC2=3V 


* Input timing voltage —: VIL=0.6V, VIH=2.4V 


* Output timing voltage : VOL=1.5V, VOH=1.5V 


Figure 1.26.20. Timing Diagram (9) 
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Flash Memory Version 


Flash Memory Performance 
The flash memory version is functionally the same as the mask ROM version except that it internally con- 
tains flash memory. 
The flash memory version has three modes—CPU rewrite, standard serial input/output, and parallel input/ 
output modes—in which its internal flash memory can be operated on. 
Table 1.27.1 shows the outline performance of flash memory version (refer to “Table 1.1.1. Performance 
outline of M16C/62P group” for the items not listed in Table 1.27.1.). 


Table 1.27.1. Flash Memory Version Specifications 


Flash memory operating mode 3 modes (CPU rewrite, standard serial I/O, parallel I/O) 
User ROM area Refer to “Figure 1.27.1. Flash Memory Block Diagram” 
Boot ROM area 1 block (4 Kbytes) (Note 1) 





Erase block 











Method for program In units of word, in units of byte (Note 2) 





Method for erasure Collective erase, block erase 





Program, erase control method Program and erase controlled by software command 


Protect method Protected for each block by lock bit 








Number of commands 8 commands 
Number of program and erasure 100 times, 1,000 times/10,000 times (option) (Note 3, 4) 








Data Retention 10 years 








ROM code protection Parallel I/O and standard serial I/O modes are supported. 


Note 1: The boot ROM area contains a standard serial I/O mode rewrite control program which is stored in it when 
shipped from the factory. This area can only be rewritten in parallel input/output mode. 
Note 2: Can be programmed in byte units in only parallel input/output mode. 
Note 3: Block 1 and block A are guaranteed of 10,000 times of programming and erasure. All other blocks are 
guaranteed of 1,000 times of programming and erasure. (Under development; mass production scheduled to 
start in the 3rd quarter of 2003) 
Note 4: Definition of programming and erasure times 
The programming and erasure times are defined to be per-block erasure times. For example, assume 
a case where a 4K-byte block A is programmed in 2,048 operations by writing one word at a time and 
erased thereafter. 
In this case, the block is reckoned as having been programmed and erased once. 
If a product is guaranteed of 100 times of programming and erasure, each block in it can be erased up to 
100 times. When guaranteed of 10,000 times of programming and erasure, block 1 and block A can each 
be erased up to 10,000 times. All other blocks can each be erased up to 1,000 times. 
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Table 1.27.2. Flash Memory Rewrite Modes Overview 








Flash memory| CPU rewrite mode (Note 1) | Standard serial I/O mode Parallel I/O mode 

rewrite mode 

Function The user ROM area is rewrit- | The user ROM area is rewrit- | The boot ROM and user 
ten by executing software | ten by using a dedicated se- | ROM areas are rewritten by 
commands from the CPU. rial programmer. using a dedicated parallel 
EWO mode: Standard serial I/O mode 1: | programmer. 


Can be rewritten in any | Clock sync serial I/O 
area other than the flash | Standard serial I/O mode 2: 
memory (Note 2) UART 
EW1 mode: 

Can be rewritten in the 
flash memory 




















Areas which |User ROM area User ROM area User ROM area 
can be rewritten Boot ROM area 
Operation Single chip mode Boot mode Parallel I/O mode 
mode Memory expansion mode 
(EWO mode) 

Boot mode (EWO mode) 
ROM None Serial programmer Parallel programmer 
programmer 


Note 1: The PM13 bit remains set to “1” while the FMRO register FMRO1 bit = 1 (CPU rewrite mode enabled). 
The PM13 bit is reverted to its original value by clearing the FMR01 bit to “O” (CPU rewrite mode 
disabled). However, if the PM13 bit is changed during CPU rewrite mode, its changed value is not 
reflected until after the FMR01 bit is cleared to “O”. 

Note 2: When in CPU rewrite mode, the PM10 and PM13 bits in the PM1 register are set to “1”. The rewrite 
control program can only be executed in the internal RAM or in an external area that is enabled for 
use when the PM13 bit = 1. When the PM13 bit = 0 and the flash memory is used in 4M-byte mode, 
the extended accessible area (4000016 to BFFFF16) cannot be used. 
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1. Memory Map 
The ROM in the flash memory version is separated between a user ROM area and a boot ROM area. 
Figure 1.27.1 shows the block diagram of flash momoery. The user ROM area has a 4K-byte block A, in 
addition to the area that stores a program for microcomputer operation during singe-chip or memory expan- 
sion mode. 
The user ROM area is divided into several blocks, each of which can individually be protected (locked) 
against programming or erasure. The user ROM area can be rewritten in all of CPU rewrite, standard serial 
input/output, and parallel input/output modes. Block A is enabled for use by setting the PM1 register’s 
PM10 bit to “1” (block A enabled, CS2 area at addresses 1000016 to 26FFF 16). 
The boot ROM area is located at addresses that overlap the user ROM area, and can only be rewritten in 
parallel input/output mode. After a hardware reset that is performed by applying a high-level signal to the 
CNVSss and P50 pins and a low-level signal to the P55 pin, the program in the boot ROM area is executed. 
After a hardware reset that is performed by applying a low-level signal to the CNVSs pin, the program in the 
user ROM area is executed (but the boot ROM area cannot be read). 





00F00016 


Block A :4K bytes 
OOFFFF16 ye 








08000016 


Block 12 : 64K bytes 


O8FFFF16 
09000016 





Block 11 : 64K bytes 


O9FFFF16 
0A000016 





Block 10 : 64K bytes 


OAFFFF16 
0B000016 





64K bytes 


OBFFFF16 
0C000016 , 0F000016 








Block 8 : 64K bytes 


OCFFFF16 
0D000016 





Block 5 : 32K bytes 


64K bytes 


ODFFFFi6 ‘ OF7FFF16 
0E000016 7 OF800016 








Block 4 : 8K bytes 


Block 6 : 64K bytes if OFOFFF16 
7 OFA00016 





a Block 3 : 8K bytes 
OEFFFF16 , OFBFFFi6 


OF 000016 OFC00016 








Block 2 : 8K bytes 
Block 0 to Block 5 (32+8+8+8 OFDFFF16 


+4+4)K bytes OFE00016 : 
OFEFFFi¢ Block 1 : 4K bytes 


OFFO0016 : OFFO0016 
OFFFFF16 OFFFFFi6 Block 0 : 4K bytes OFFFFF16 4K bytes 


User ROM area Boot ROM area 






































Note 1: The boot ROM area can only be rewritten in parallel input/output mode. 

Note 2: To specify a block, use an even address in that block. 

Note 3: Shown here is a block diagram during single-chip mode. 

Note 4: Block A can be made usable by setting the PM1 register’s PM10 bit to “1” (block A enabled, CS2 area allocated at addresses 1000016 to 26FFF16). 
Block A cannot be erased by the Erase All Unlocked Block command. Use the Block Erase command to erase it. 





Figure 1.27.1. Flash Memory Block Diagram 
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Boot Mode 
After a hardware reset which is performed by applying a low-level signal to the P55 pin and a high-level 
signal to the CNVSs and P50 pins, the microcomputer is placed in boot mode, thereby executing the pro- 
gram in the boot ROM area. 
During boot mode, the boot ROM and user ROM areas are switched over by the FMRO5 bit in the FMRO 
register. 
The boot ROM area contains a standard serial input/output mode based rewrite control program which was 
stored in it when shipped from the factory. 
The boot ROM area can be rewritten in parallel input/output mode. Prepare an EWO mode based rewrite 
control program and write it in the boot ROM area, and the flash memory can be rewritten as suitable for the 
system. 


Functions To Prevent Flash Memory from Rewriting 
To prevent the flash memory from being read or rewritten easily, parallel input/output mode has a ROM 
code protect and standard serial input/output mode has an ID code check function. 


- ROM Code Protect Function 

The ROM code protect function inhibits the flash memory from being read or rewritten during parallel 
input/output mode. Figure 1.27.2 shows the ROMCP register. 

The ROMCP register is located in the user ROM area. The ROMCP1 bit consists of two bits. The ROM 
code protect function is enabled by clearing one or both of two ROMCP‘1 bits to “O” when the ROMCR bits 
are not ‘002,’ with the flash memory thereby protected against reading or rewriting. Conversely, when the 
ROMCR bits are ‘002’ (ROM code protect removed), the flash memory can be read or rewritten. Once the 
ROM code protect function is enabled, the ROMCR bits cannot be changed during parallel input/output 
mode. Therefore, use standard serial input/output or other modes to rewrite the flash memory. 


ID Code Check Function 


Use this function in standard serial input/output mode. Unless the flash memory is blank, the ID codes 
sent from the programmer and the ID codes written in the flash memory are compared to see if they 
match. If the ID codes do not match, the commands sent from the programmer are not accepted. The ID 
code consists of 8-bit data, the areas of which, beginning with the first byte, are OFFFDF16, OFFFE316, 
OFFFEB16, OFFFEF16, OFFFF316, OFFFF716, and OFFFFB16. Prepare a program in which the ID codes 
are preset at these addresses and write it in the flash memory. 
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ROM code protect control address 


b7_b6 b5 b4 b3 b2 bt bd Symbol Address Value when shipped 
P|] [ fttafay ROMCP OFFFFF16 FF16 (Note 4) 


: f | | Bitsymbol Function RW 
it | —— |Reserved bit Set this bit to “1” RW 


b5 b4 

00: Removes protect 
01: 
: \ Enables ROOMCP‘1 bit 


a a rere ROM code protect reset 
bit (Note 2, Note 4) 


en Romcp1 | ROM code protect level 
1 set bit 
(Note 1, Note 3, Note 4) 


: \ Protect enabled 
10: 
11: Protect disabled 


Note 1: If the ROMCR bits are set to other than ‘002’ and the ROMCP'1 bits are set to other than ‘112’ ( 
ROM code protect enabled), the flash memory is disabled against reading and rewriting in 
parallel input/output mode. 

Note 2: If the ROMCR bits are set to ‘002’ when the ROMCR bits are other than ‘002’ and the ROMCP1 
bits are other than ‘112,’ ROM code protect level 1 is removed. However, because the ROMCR 
bits cannot be modified during parallel input/output mode, they need to be modified in standard 
serial input/output or other modes. 

Note 3: The ROMCP1 bits are effective when the ROMCR bits are ‘012,’ ‘102,’ or ‘112.’ 

Note 4: Once any of these bits is cleared to “0”, it cannot be set back to “1”. If a memory block that 
contains the ROMCP register is erased, the ROMCP register is set to ‘FF 16.’ 





ners —] Reserved bit Set this bit to “1” 
bof beseees | —— | Reserved bit Set this bit to “1” 
ee ll Reserved bit Set this bit to “1” 











Figure 1.27.2. ROMCP Register 









i reed 


ROMCP: Reset vector 









Address 
OFFFDF16 to OFFFDC16 
OFFFE316 to OFFFE016 
OFFFE716 to OFFFE416 
OFFFEB16 to OFFFE816 
OFFFEF16 to OFFFEC16 
OFFFF316 to OFFFF016 
OFFFF716 to OFFFF416 
OFFFFB16 to OFFFF816 
OFFFFF16 to OFFFFC1i6 


4 bytes 











Figure 1.27.3. Address for ID Code Stored 
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In CPU rewrite mode, the user ROM area can be rewritten by executing software commands from the CPU. 
Therefore, the user ROM area can be rewritten directly while the microcomputer is mounted on-board 
without having to use a ROM programmer, etc. 
In CPU rewrite mode, only the user ROM area shown in Figure 1.27.1 can be rewritten and the boot ROM 
area cannot be rewritten. Make sure the Program and the Block Erase commands are executed only on 
each block in the user ROM area. 
During CPU rewrite mode, the user ROM area be operated on in either Erase Write 0 (EWO) mode or Erase 
Write 1 (EW1) mode. Table 1.27.3 lists the differences between Erase Write 0 (EWO) and Erase Write 1 


(EW1) modes. 


Table 1.27.3. EWO Mode and EW1 Mode 


Item 


EWO mode 


EW1 mode 





Operation mode 


* Single chip mode 
* Memory expansion mode 
* Boot mode 


Single chip mode 





Areas in which a 
rewrite control 
program can be located 


¢ User ROM area 
* Boot ROM area 


User ROM area 





Areas in which a 
rewrite control 
program can be executed 


Must be transferred to any area other 
than the flash memory (e.g., RAM) 
before being executed (Note 2) 


Can be executed directly in the user 
ROM area 





Areas which can be 
rewritten 


User ROM area 


User ROM area 

However, this does not include the area 
in which a rewrite control program 
exists 





Software command 
limitations 


* Program, Block Erase command 
Cannot be executed on any block in 
which a rewrite control program exists 

* Erase All Unlocked Block command 
Cannot be executed when the lock bit 
for any block in which a rewrite control 
program exists is set to “1” (unlocked) 
or the FMRO register’s FMR0O2 bit is set 
to “1” (lock bit disabled) 

« Read Status Register command 
Cannot be executed 





Modes after Program or 
Erase 


Read Status Register mode 


Read Array mode 





CPU status during Auto 
Write and Auto Erase 


Operating 


Hold state (I/O ports retain the state in 
which they were before the command 
was executed) (Note 1) 





Flash memory status 
detection 





¢ Read the FMRO register's FMROO, 
FMRO6, and FMR07 bits in a 
program 

* Execute the Read Status Register 
command to read the status 
register's SR7, SR5, and SR4 flags. 








Read the FMRO register's FMROO, 
FMRO06, and FMR07 bits in a program 


Note 1: Make sure no interrupts (except NMI and watchdog timer interrupts) and DMA transfers will occur. 

Note 2: When in CPU rewrite mode, the PM10 and PM13 bits in the PM1 register are set to “1”. The rewrite control 
program can only be executed in the internal RAM or in an external area that is enabled for use when the PM13 
bit = 1. When the PM13 bit = 0 and the flash memory is used in 4M-byte mode, the extended accessible area 
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¢ EWO Mode 


The microcomputer is placed in CPU rewrite mode by setting the FMRO register’s FMR01 bit to “1” (CPU 
rewrite mode enabled), ready to accept commands. In this case, because the FMR1 register’s FMR11 bit 
= 0, EWO mode is selected. The FMR01 bit can be set to “1” by writing “O” and then “1” in succession. 
Use software commands to control program and erase operations. Read the FMRO register or status 
register to check the status of program or erase operation at completion. 


EW1 Mode 


EW1 mode is selected by setting FMR11 bit to “1” (by writing “O” and then “1” in succession) after setting 
the FMR01 bit to “1” (by writing “O” and then “1” in succession). 

Read the FMRO register to check the status of program or erase operation at completion. The status 
register cannot be read during EW1 mode. 
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Figure 1.27.4 shows the FIDR, FMRO and FMR‘1 registers. 
FMROO0 Bit 


This bit indicates the operating status of the flash memory. The bit is “O” when the Program, Erase, or 
Lock Bit program is running; otherwise, the bit is “1”. 

FMR01 Bit 
The microcomputer is made ready to accept commands by setting the FMR01 bit to “1” (CPU rewrite 
mode). During boot mode, make sure the FMRO05 bit also is “1” (user ROM area access). 

FMR0O2 Bit 
The lock bit set for each block can be disabled by setting the FMR0O2 bit to “1” (lock bit disabled). (Refer to 
the description of the data protect function.) The lock bits set are enabled by setting the FMR02 bit to “0”. 
The FMRO02 bit only disables the lock bit function and does not modify the lock bit data (lock bit status 
flag). However, if the Erase command is executed while the FMRO2 bit is set to “1”, the lock bit data 
changes state from “0” (locked) to “1” (unlocked) after Erase is completed. 


FMSTP Bit 


This bit is provided for initializing the flash memory control circuits, as well as for reducing the amount of 
current consumed in the flash memory. Setting the FMSTP bit to “1” makes the internal flash memory 
inaccessible. Therefore, make sure the FMSTP bit is modified in other than the flash memory area. 
In the following cases, set the FMSTP bit to “1”: 

* When flash memory access resulted in an error while erasing or programming in EWO mode (FMROO 

bit not reset to “1” (ready)) 

¢ When entering low power mode or ring low power mode 
Figure 1.27.7 shows a flow chart to be followed before and after entering low power mode. 
Note that when going to stop or wait mode, the FMRO register does not need to be set because the power 
for the internal flash memory is automatically turned off and is turned back on again after returning from 
stop or wait mode. 


FMR05 Bit 


This bit switches between the boot ROM and user ROM areas during boot mode. Set this bit to “O” when 
accessing the boot ROM area (for read) or “1” (user ROM access) when accessing the user ROM area 
(for read, write, or erase). 


FMRO6 Bit 


This is a read-only bit indicating the status of auto program operation. The bit is set to “1” when a program 
error occurs; otherwise, it is cleared to “O”. For details, refer to the description of the full status check. 


FMR07 Bit 


This is a read-only bit indicating the status of auto erase operation. The bit is set to “1” when an erase 
error occurs; otherwise, it is cleared to “0”. For details, refer to the description of the full status check. 


Figure 1.27.5 and 1.27.6 show the setting and resetting of EWO mode and EW1 mode, respectively. 
FMR11 Bit 
Setting this bit to “1” places the microcomputer in EW1 mode. 


FMR16 Bit 


This is a read-only bit indicating the execution result of the Read Lock Bit Status command. 
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Flash identification register 


b7 b6 bS b4 b3 b2 bi bo Symbol Address After reset 
FIDR 01B416 XXXXXX002 





Bit symbol Bit name Function 
b1 bo 
0 0: M16C/62N, M3062GFE8N type flash module 
1 0: M16C/62P type flash module 

1 1: M16C/62M, M16C/62A type flash module 


Flash module type 
identification value 





Nothing is assigned. 
When write, set to “0”. When read, their contents are indeterminate. 








: This register identifies on-chip flash module type of M16C/62 group. Note, however, no chip version is known 
by this register. Follow the procedure described below for the identification. 
(1) Write FF16 to FIDR register 
(2) Read FIDR register 
(3) Check two low-order bits of read value 
Make sure no access to external memories or other SFRs or no interrupts or DMA transfers will occur between 
the above two instructions no. 1 and no. 2. 


Flash memory control register 0 


Bi_b6 (BS. iba 63. 'b2 (bi. “bo Symbol Address After reset 
FMRO 01B716 Xx0000012 








Bit symbol Bit name Function 





FMROO RY/BY status flag : Busy (being written or erased) 
: Ready 


CPU rewrite mode select bit : Disables CPU rewrite mode 
(Note 1) : Enables CPU rewrite mode 


Lock bit disable select bit : Enables lock bit 
(Note 2) : Disables lock bit 





Flash memory stop bit : Enables flash memory operation 
(Note 3, Note 5)) : Stops flash memory operation 
(placed in low power mode, 
flash memory initialized) 





Reserved bit Must always be set to “0” 











User ROM area select bit 0: Boot ROM area is accessed 
(Note 3) 1: User ROM area is accessed 
(Effective in only boot mode) 


Program status flag (Note 4) 0: Terminated normally 
1: Terminated in error 


Erase status flag (Note 4) 0: Terminated normally 

1: Terminated in error 

0 set this bit to “1”, write “O” and then “1” in succession. Make sure no interrupts or DMA transfers 
will occur before writing “1” after writing “0”. 

Write to this bit when the NMI pin is in the high state. Also, while in EWO mode, write to this bit from 
a program in other than the flash memory. 

To set this bit to “1”, write “O” and then “1” in succession when the FMRO01 bit = 1. Make sure no 
interrupts or no DMA transfers will occur before writing “1” after writing “O”. 

Note 3: Write to this bit from a program in other than the flash memory. 

Note 4: This flag is cleared to “O” by executing the Clear Status command. 

Note 5: Effective when the FMRO01 bit = 1 (CPU rewrite mode). If the FMR01 bit = 0, although the FMRO3 bit 
can be set to “1” by writing “1” in a program, the flash memory is neither placed in low power mode 
nor initialized. 

Note 6: This status includes writing or reading with the Lock Bit Program or Read Lock Bit Status command. 

















Flash memory control register 1 





b7_b6 b5S b4 b3_b2 bi bo Symbol Address After reset 
0 FMRI 01B516 OX00XX0X2 





Bit symbol Bit name Function 





(b0) Reserved bit The value in this bit when read is 
indeterminate. 


EW1 mode select bit ( 0: EWO mode 
Note) 1: EW1 mode 


Reserved bit The value in this bit when read is 
indeterminate. 


(b5-b4) Reserved bit Must always be set to “0” 


Lock bit status flag 0: Lock 
1: Unlock 


Reserved bit Must always be set to “0” 

















Note : To set this bit to “1”, write “O” and then “1” in succession when the FMR01 bit = 1. Make sure no 
interrupts or no DMA transfers will occur before writing “1” after writing “O”. 
The FMRO1 and FMR11 bits both are cleared to “0” by setting the FMR01 bit to “Oo”. 





Figure 1.27.4. FIDR Register and FMRO and FMR1 Registers 
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EWO mode operation procedure 


. Rewrite control program - 


Single-chip mode, memory expansion : For only boot mode 
mode, or boot mode : set the FMRO5 bit to “1” (user ROM area access) 


! 


Set CMO, CM1, and PM1 registers (Note 1) ie eee ao 1 


Transfer a CPU rewrite mode based rewrite control 
program to any area other than the flash memory ; Execute software commands 


(Note 5) 


Jump to the rewrite control program which has been : Execute the Read Array command 


transferred to any area other than the flash memory 
(The subsequent processing is executed by the 
rewrite control program in any area other than the 











Write “0” to the FMR01 bit 
flash.memaly) (CPU rewrite mode disabled) 


For only boot mode 
Write “0” to the FMRO5 bit (Boot ROM area 
accessed) (Note 4) 


Jump to a specified address in the flash memory 








Select 10 MHz or less for CPU clock using the CMO register’s CM06 bit and CM1 register’s CM17 to 6 bits. 
Also, set the PM1 register’s PM17 bit to “1” (with wait state). 

To set the FMR01 bit to “1”, write “O” and then “1” in succession. Make sure no interrupts or no DMA 
transfers will occur before writing “1” after writing “O”. — 
Write to the FMRO01 bit from a program in other than the flash memory. Also write only when the NMI pin is 
“H” level. 

Disables the CPU rewrite mode after executing the Read Array command. 

User ROM area is accessed when the FMRO5 bit is set to “1”. 

When in CPU rewrite mode, the PM10 and PM13 bits in the PM1 register are set to “1”. The rewrite control 
program can only be executed in the internal RAM or in an external area that is enabled for use when the 
PM13 bit = 1. When the PM13 bit = 0 and the flash memory is used in 4M-byte mode, the extended 
accessible area (4000016 to BFFFF16) cannot be used. 





Figure 1.27.5. Setting and Resetting of EWO Mode 





=tENESAS 


Renesas Technology Corp. 


268 


Renesas microcomputers 


M16C / 62P Group 
SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Flash Memory 


EW1 mode operation procedure 


Program in ROM 


Single-chip mode (Note 1) 


Set CMO, CM1, and PM1 registers (Note 2) 


Set the FMR01 bit by writing “O” and then “1” (CPU 
rewrite mode enabled) 

Set the FMR11 bit by writing “O” and then “1” (EW1 
mode) (Note 3) 


| Execute software commands 


Write “0” to the FMR01 bit 
(CPU rewrite mode disabled) 


Note 1: In EW1 mode, do not set the microcomputer in memory expansion or boot mode. 

Note 2: Select 10 MHz or less for CPU clock using the CMO register’s CMO6 bit and CM1 
registers CM17 to 6 bits. Also, set the PM1 register’s PM17 bit to “1” (with wait 
state). 

Note 3: To set the FMRO1 bit to “1”, write “O” and then “1” in succession. Make sure no 
interrupts or no DMA transfers will occur before writing “1” after writing “O”. 
Also write only when the NMI pin is “H” level. 





Figure 1.27.6. Setting and Resetting of EW1 Mode 
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Low power dissipation 
mode program 


Transfer a low power dissipation mode program ; Set the FMRO01 bit by writing “O” and then “1” 
to any area other the flash memory ; (CPU rewrite mode enabled) 





Set FMSTP bit to “1” 


Jump to the low power dissipation mode program (flash memory stopped. Low power state)(Note 1) 


which has been transferred to any area other the 
flash memory. 

(The subsequent processing is executed by a : 
program in any area other than the flash memory.) ; Switch the clock source for CPU clock. 


Turn main clock off. (Note 2) 


Process of low power dissipation mode or 
ring oscillator low power dissipation mode 


Turn main clock on > wait until oscillation stabilizes 
+ switch the clock source for CPU clock (Note 2) 











Set the FMSTP bit to “O” (flash memory operation) 


Write “0” to the FMRO01 bit 
(CPU rewrite mode disabled) 


Wait until the flash memory circuit stabilizes (tPs) 
(Note 3) 


Jump to a specified address in the flash memory 


Note 1: Set the FMSTP bit to “1” after setting the FMR01 bit to “1”(CPU rewrite mode). 
Note 2: Before the clock source for CPU clock can be changed to 

main clock or sub clock, the clock to which to be changed 

must be stable. 
Note 3: Insert a tPs wait time in a program. The flash memory 

cannot be accessed during this wait time. 





Figure 1.27.7. Processing Before and After Low Power Dissipation Mode 
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Precautions on CPU Rewrite Mode 
Described below are the precautions to be observed when rewriting the flash memory in CPU rewrite mode. 
(1) Operation Speed 
Before entering CPU rewrite mode (EWO or EW1 mode), select 10 MHz or less for CPU clock using 
the CMO6 bit in the CMO register and the CM17 to CM16 bits in the CM1 register. Also, set the PM17 
bit in the PM1 register to “1” (with wait state). 


(2) Instructions to Prevent from Using 
The following instructions cannot be used in EWO mode because the flash memory’s internal data is 
referenced: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruc- 
tion. 


(3) Interrupts 
EWO0 Mode 

¢ Any interrupt which has a vector in the variable vector table can be used providing that its vector is 
transferred into the RAM area. 

* The NMI and watchdog timer interrupts can be used because the FMRO register and FMR1 regis- 
ter are initialized when one of those interrupts occurs. The jump addresses for those interrupt 
service routines should be set in the fixed vector table. 

Because the rewrite operation is halted when a NMI or watchdog timer interrupt occurs, the rewrite 
program must be executed again after exiting the interrupt service routine. 

« The address match interrupt cannot be used because the flash memory’s internal data is refer- 
enced. 

EW1 Mode 

¢ Make sure that any interrupt which has a vector in the variable vector table or address match 
interrupt will not be accepted during the auto program or auto erase period. 

« Avoid using watchdog timer interrupts. 

* The NMI interrupt can be used because the FMRO register and FMR1 register are initialized when 
this interrupt occurs. The jump address for the interrupt service routine should be set in the fixed 
vector table. 

Because the rewrite operation is halted when a NMI interrupt occurs, the rewrite program must be 
executed again after exiting the interrupt service routine. 


(4) How to Access 
To set the FMR0O1, FMRO2, or FMR11 bit to “1”, write “O” and then “1” in succession. This is necessary 
to ensure that no interrupts or DMA transfers will occur before writing “1” after writing “O”. Also only 
when NMI pin is “H” level. 


(5) Writing in the User ROM Space 
EWO0 Mode 
+ If the power supply voltage drops while rewriting any block in which the rewrite control program is 
stored, a problem may occur that the rewrite control program is not correctly rewritten and, conse- 
quently, the flash memory becomes unable to be rewritten thereafter. In this case, standard serial 
I/O or parallel I/O mode should be used. 
EW1 Mode 
¢ Avoid rewriting any block in which the rewrite control program is stored. 
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(6) DMA Transfer 
In EW1 mode, make sure that no DMA transfers will occur while the FMRO register’s FMROO bit = 0 
(during the auto program or auto erase period). 


(7) Writing Command and Data 
Write the command code and data at even addresses. 


(8) Wait Mode 
When shifting to wait mode, set the FMRO01 bit to “O” (CPU rewrite mode disabled) before executing 
the WAIT instruction. 


(9) Stop Mode 

When shifting to stop mode, the following settings are required: 
* Set the FMRO01 bit to “O” (CPU rewrite mode disabled) and disable DMA transfers before setting the 
CM10 bit to “1” (Stop mode). 
¢ Execute the JMP.B instruction subsequent to the instruction which sets the CM10 bit to “1” (stop 
mode) 
Example program BSET 0, CM1 ; Stop mode 

JMP.B L1 

L1: 
Program after returning from stop mode 


(10) Low Power Dissipation Mode and Ring Oscillator Low Power Dissipation Mode 
If the CMO5 bit is set to “1” (main clock stop), the following commands must not be executed. 
« Program 
¢ Block erase 
¢ Erase all unlocked blocks 
¢ Lock bit program 
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Software Commands 
Software commands are described below. The command code and data must be read and written in 16- 
bit units, to and from even addresses in the user ROM area. When writing command code, the 8 high- 
order bits (D1t-Ds) are ignored. 


Table 1.27.4. Software Commands 


First bus cycle Second bus cycle 
Command Data Data 
Address | (Do to D7) AOOIESS.. |! (Du toiD7) 


Read array XXFF16 








Read status register xx7016 





Clear status register xx5016 





Program xx4016 WD 


Block erase X xx2016 xxD016 








Erase all unlocked block Note x XxA716 xxD016 





Lock bit program Xx7716 xxD016 





Read lock bit status Xx7116 xxD016 























Note: It is only blocks 0 to 12 that can be erased by the Erase All Unlocked Block command. 
Block A cannot be erased. Use the Block Erase command to erase block A. 
SRD: Status register data (D7 to Do) 
WA: Write address (Make sure the address value specified in the the first bus cycle is the same even address 
as the write address specified in the second bus cycle.) 
WD: Write data (16 bits) 
BA: Uppermost block address (even address, however) 
X: Any even address in the user ROM area 
xx: High-order 8 bits of command code (ignored) 


Read Array Command (FF16) 
This command reads the flash memory. 
Writing ‘xxFF 16’ in the first bus cycle places the microcomputer in read array mode. Enter the read 
address in the next or subsequent bus cycles, and the content of the specified address can be read in 
16-bit units. 
Because the microcomputer remains in read array mode until another command is written, the con- 
tents of multiple addresses can be read in succession. 


Read Status Register Command (7016) 
This command reads the status register. 
Write ‘xx701e’ in the first bus cycle, and the status register can be read in the second bus cycle. (Refer 
to “Status Register.”) When reading the status register too, specify an even address in the user ROM 
area. 
Do not execute this command in EW1 mode. 
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Clear Status Register Command (5016) 
This command clears the status register to “O”. 
Write ‘xx5016’ in the first bus cycle, and the FMRO6 to FMRO07 bits in the FMRO register and SR4 to 
SR&5 in the status register will be cleared to “O”. 


Program Command (4016) 
This command writes data to the flash memory in 1 word (2 byte) units. 
Write ‘xx4016’ in the first bus cycle and write data to the write address in the second bus cycle, and an 
auto program operation (data program and verify) will start. Make sure the address value specified in 
the first bus cycle is the same even address as the write address specified in the second bus cycle. 
Check the FMRO0 bit in the FMRO register to see if auto programming has finished. The FMRO0 bit is 
“O” during auto programming and set to “1” when auto programming is completed. 
Check the FMRO6 bit in the FMRO register after auto programming has finished, and the result of auto 
programming can be known. (Refer to “Full Status Check.”) 
Note that each block can be disabled from being programmed by a clock bit (Refer to “Data Protect 
Function”). Be careful not to write over the already programmed addresses. 


In EW1 mode, do not execute this command on any address at which the rewrite control program is 
located. 

In EWO mode, the microcomputer goes to read status register mode at the same time auto program- 
ming starts, making it possible to read the status register. The status register bit 7 (SR7) is cleared to 
“0” at the same time auto programming starts, and set back to “1” when auto programming finishes. In 
this case, the microcomputer remains in read status register mode until a read command is written 
next. The result of auto programming can be known by reading the status register after auto program- 
ming has finished. 


Write the command code ‘xx4016’ 
to the write address 


Write data to the write address 


| Full status check | 
Program 
completed 


Note: Write the command code and data at even number. 








Figure 1.27.8. Program Command 
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Block Erase 
Write ‘xx2016’ in the first bus cycle and write ‘xxD016’ to the uppermost address of a block (even 
address, however) in the second bus cycle, and an auto erase operation (erase and verify) will start. 
Check the FMRO register’s FMROO bit to see if auto erasing has finished. 
The FMR0O0 bit is “O” during auto erasing and set to “1” when auto erasing is completed. 
Check the FMRO register’s FMRO7 bit after auto erasing has finished, and the result of auto erasing 
can be known. (Refer to “Full Status Check.”) 
Figure 1.27.9 shows an example of a block erase flowchart. 
Each block can be protected against erasing by a lock bit. (Refer to “Data Protect Function.”) 
Writing over already programmed addresses is inhibited. 
In EW1 mode, do not execute this command on any address at which the rewrite control program is 
located. 
In EWO mode, the microcomputer goes to read status register mode at the same time auto erasing 
starts, making it possible to read the status register. The status register bit 7 (SR7) is cleared to “O” at 
the same time auto erasing starts, and set back to “1” when auto erasing finishes. In this case, the 
microcomputer remains in read status register mode until the Read Array or Read Lock Bit Status 
command is written next. 


Write the command code ‘xx2016’ 


Write ‘xxD016’ to the uppermost 
block address 


| Full status check f 
Block erase completed 


Note: Write the command code and data at even number. 





Figure 1.27.9. Block Erase Command 





2tENESAS 


Renesas Technology Corp. 


Zio 


Renesas microcomputers 


M16C / 62P Group 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
Flash Memory 





Erase All Unlocked Block 
Write ‘xxA716’ in the first bus cycle and write ‘xxD016’ in the second bus cycle, and all blocks except 
block A will be erased successively, one block at a time. 
Check the FMRO register’s FMRO0 bit to see if auto erasing has finished. The result of the auto erase 
operation can be known by inspecting the FMRO register’s FMR07 bit. 
Each block can be protected against erasing by a lock bit. (Refer to “Data Protect Function.”) 
In EW1 mode, do not execute this command when the lock bit for any block = 1 (unlocked) in which the 
rewrite control program is stored, or when the FMRO register’s FMRO2 bit = 1 (lock bit disabled). 
In EWO mode, the microcomputer goes to read status register mode at the same time auto erasing 
starts, making it possible to read the status register. The status register bit 7 (SR7) is cleared to “O” at 
the same time auto erasing starts, and set back to “1” when auto erasing finishes. In this case, the 
microcomputer remains in read status register mode until the Read Array or Read Lock Bit Status 
command is written next. 
Note that only blocks 0 to 12 can be erased by the Erase All Unlocked Block command. Block A 
cannot be erased. Use the Block Erase command to erase block A. 


Lock Bit Program Command (7716/D016) 
This command sets the lock bit for a specified block to “O” (locked). 
Write ‘xx7716’ in the first bus cycle and write ‘xxD016’ to the uppermost address of a block (even 
address, however) in the second bus cycle, and the lock bit for the specified block is cleared to “O”. 
Make sure the address value specified in the first bus cycle is the same uppermost block address that 
is specified in the second bus cycle. 
Figure 1.27.10 shows an example of a lock bit program flowchart. The lock bit status (lock bit data) can 
be read using the Read Lock Bit Status command. 
Check the FMRO register’s FMROO bit to see if writing has finished. 
For details about the lock bit function, and on how to set the lock bit to “1”, refer to “Data Protect 
Function.” 


Write command code ‘xx7716’ to 
the uppermost block address 


Write ‘xxD016’ to the uppermost 
block address 


[ Full status check | 
Lock bit program completed 


Note: Write the command code and data at even number. 





Figure 1.27.10. Lock Bit Program Command 
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Read Lock Bit Status Command (7116) 
This command reads the lock bit status of a specified block. 
Write ‘xx7116’ in the first bus cycle and write ‘xxD016’ to the uppermost address of a block (even 
address, however) in the second bus cycle, and the lock bit status of the specified block is stored in the 
FMR1 register’s FMR16 bit. Read the FMR16 bit after the FMRO registers FMROO bit is set to “1” 
(ready). 
Figure 1.27.11 shows an example of a read lock bit status flowchart. 


YES 
Block locked Blocks not locked 


Note: Write the command code and data at even number. 





Figure 1.27.11. Read Lock Bit Status Command 
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Data Protect Function 
Each block in the flash memory has a nonvolatile lock bit. The lock bit is effective when the FMRO2 bit = 
0 (lock bit enabled). The lock bit allows each block to be individually protected (locked) against program- 
ming and erasure. This helps to prevent data from inadvertently written to or erased from the flash 
memory. The following shows the relationship between the lock bit and the block status. 


« When the lock bit = 0, the block is locked (protected against programming and erasure). 
¢ When the lock bit = 1, the block is not locked (can be programmed or erased. 


The lock bit is cleared to “O” (locked) by executing the Lock Bit Program command, and is set to “1” 
(unlocked) by erasing the block. The lock bit cannot be set to “1” by a command. 
The lock bit status can be read using the Read Lock Bit Status command 


The lock bit function is disabled by setting the FMR0O2 bit to “1”, with all blocks placed in an unlocked state. 
(The lock bit data itself does not change state.) Setting the FMR02 bit to “0” enables the lock bit function 
(lock bit data retained). 

If the Block Erase or Erase All Unlocked Block command is executed while the FMR02 bit = 1, the target 
block or all blocks are erased irrespective of how the lock bit is set. The lock bit for each block is set to “1” 
after completion of erasure. 

For details about the commands, refer to “Software Commands.” 


Status Register 
The status register indicates the operating status of the flash memory and whether an erase or program- 
ming operation terminated normally or in error. The status of the status register can be known by reading 
the FMRO register’s FMROO, FMRO6, and FMR07 bits. 
Table 1.27.5 shows the status register. 
In EWO mode, the status register can be read in the following cases: 
(1) When a given even address in the user ROM area is read after writing the Read Status Register 
command 
(2) When a given even address in the user ROM area is read after executing the Program, Block Erase, 
Erase All Unlocked Block, or Lock Bit Program command but before executing the Read Array 
command. 


Sequencer Status (SR7 and FMR0O0 Bits ) 
The sequence status indicates the operating status of the flash memory. SR7 = 0 (busy) during auto 
programming, auto erase, and lock bit write, and is set to “1” (ready) at the same time the operation 
finishes. 


Erase Status (SR5 and FMR07 Bits) 
Refer to “Full Status Check.” 


Program Status (SR4 and FMR06 Bits) 
Refer to “Full Status Check.” 
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Table 1.27.5. Status Register 


Status FMRO Contents 
register register Status name 
bit 





Sequencer status Busy Ready 





Reserved ‘ 2 





Erase status Terminated normally | Terminated in error 





Program status Terminated normally | Terminated in error 





Reserved Z 7 





Reserved 





Reserved 























Reserved 
* Do to D7: Indicates the data bus which is read out when the Read Status Register command is executed. 
« The FMR07 bit (SR5) and FMRO6 bit (SR4) are cleared to “O” by executing the Clear Status Register 
command. 

« When the FMR07 bit (SR5) or FMRO6 bit (SR4) = 1, the Program, Block Erase, Erase All Unlocked Block, 
and Lock Bit Program commands are not accepted. 
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Full Status Check 


When an error occurs, the FMRO registers FMRO6 to FMR07 bits are set to “1”, indicating occurrence 
of each specific error. Therefore, execution results can be verified by checking these status bits (full 
status check). Table 1.27.6 lists errors and FMRO register status. Figure 1.27.12 shows a full status 
check flowchart and the action to be taken when each error occurs. 


Table 1.27.6. Errors and FMRO Register Status 
FRMOO register 
(status register) 
status Error occurrence condition 

FMRO7 FMRO6 
(SR5) (SR4) 





Command ¢ When any command is not written correctly 

sequence error | * When invalid data was written other than those that can be writ- 

ten in the second bus cycle of the Lock Bit Program, Block Erase, 

or Erase All Unlocked Block command (i.e., other than ‘xxD016’ or 
‘xxFF 16’) (Note 1) 

Erase error « When the Block Erase command was executed on locked blocks 
(Note 2) 

¢ When the Block Erase or Erase All Unlocked Block command 
was executed on unlocked blocks but the blocks were not auto- 
matically erased correctly 

Program error | * When the Block Erase command was executed on locked blocks 
(Note 2) 

« When the Program command was executed on unlocked blocks 
but the blocks were not automatically programmed correctly. 

« When the Lock Bit Program command was executed but not pro- 




















grammed correctly 


Note 1: Writing ‘xxFF16’ in the second bus cycle of these commands places the microcomputer in read array 
mode, and the command code written in the first bus cycle is nullified. 
Note 2: When the FMR02 bit = 1 (lock bit disabled), no error will occur under this condition. 
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Full status check 


FMRO06 =1 


and (1) Execute the Clear Status Register command to set 
FMRO7=1? sequence error | ___ these status flags to “O”. i 
4 (2) Reexecute the command after checking that it is 


entered correctly. 


(1) Execute the Clear Status Register command to set 
“" the erase status flag to “O”. 

(2) Execute the Read Lock Bit Status command to see 
if the lock bit for the block in error is “O”. If so, set 
the FMRO register’s FMRO2 bit to “1”. 

(3) Reexecute the Block Erase or Erase All Unlocked 
Block command. 

Note 1: If the error still occurs, the block in error 

cannot be used. 
Furthermore, if the lock bit = 1 in (2) above, 
the block in error cannot be used either. 


[During programming] 


(1) Execute the Clear Status Register command to set 
[Program error} “" the program status flag to “O”. 
(2) Execute the Read Lock Bit Status command to see 


if the lock bit for the block in error is “O”. If so, set 
the FMRO register’s FMRO02 bit to “1”. 
(3) Reexecute the Program command. 
Note 2: If the error still occurs, the block in error 
cannot be used. 
Furthermore, if the lock bit = 1 in (2) above, 
the block in error cannot be used either. 


[During lock bit programming] 
(1) Execute the Clear Status Register command to set 
the program status flag to “O”. 
(2) Set the FMRO register’s FMRO2 bit to “1”. 
(3) Execute the Block Erase command to erase the 
block in error. 
(4) Reexecute the Lock Bit command. 


Note 3: If the error still occurs, the block in error 
Full status check completed cannot be used. 


Note 4: If FMRO6 or FMRO7 = 1, any of the Program, Block Erase, Erase All Unlocked 
Block, Lock Bit Program, or Read Lock Bit Status command is not accepted. 
Execute the Clear Status Register command before executing those commands. 





Figure 1.27.12. Full Status Check and Handling Procedure for Each Error 
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Standard Serial I/O Mode 
In standard serial input/output mode, the user ROM area can be rewritten while the microcomputer is 
mounted on-board by using a serial programmer suitable for the M16C/62P group. For more information 
about serial programmers, contact the manufacturer of your serial programmer. For details on how to use, 
refer to the user’s manual included with your serial programmer. 
Table 1.27.7 lists pin functions (flash memory standard serial input/output mode). Figures 1.27.13 to 
1.27.15 show pin connections for standard serial input/output mode. 


ID Code Check Function 


This function determines whether the ID codes sent from the serial programmer and those written in the 
flash memory match. (Refer to the description of the functions to inhibit rewriting flash memory version.) 
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Table 1.27.7. Pin Functions (Flash Memory Standard Serial I/O Mode) 










































































Pin Name VO ate Description 
: Apply the voltage guaranteed for Program and Erase to Vcc1 pin and 
ya Voce, Power input —— | Vccz to the Vccz pin. The Vcc apply condition is that Vcc2 < Vcc1. 
ss : 
Apply 0 V to Vss pin. 
CNVss CNVss | | Voc Connect to Vcci pin. 
RESET Reset input | | Voc Reset input pin. While RESET pin is "L" level, input a 20 cycle or 
longer clock to XIN pin. 
XIN Clock input | | Vcc1 | Connect a ceramic resonator or crystal oscillator between XIN and 
XOUT pins. To input an externally generated clock, input it to XIN pin 
XOUT Clock output O | Vcc1 | and open XOUT pin. 
BYTE BYTE | Vcc1 | Connect this pin to Vcci or Vss. 
AVcc, AVSs Analog power supply input Connect AVss to Vss and AVcc to Vcc1, respectively. 
VREF Reference voltage input | Enter the reference voltage for AD from this pin. 
POo to P07 Input port PO | Vcc2 | Input "H" or "L" level signal or open. 
P10 to P17 Input port P1 | Vcc2 | Input "H" or "L" level signal or open. 
P20 to P27 Input port P2 | Vcec2 | Input "H" or "L" level signal or open. 
P30 to P37 Input port P3 | Vcec2 | Input "H" or "L" level signal or open. 
P40 to P47 Input port P4 | Vcc2 | Input"H" or "L" level signal or open. 
P51 to P54, wy op mp : 
P56, P57 Input port P5 | Vcc2 | Input"H" or "L" level signal or open. 
P50 CE input | Vcc2 | Input "H" level signal. 
P55 EPM input | Vcc2 | Input"L" level signal. 
P60 to P63 Input port P6 | Vcc1 | Input"H" or "L" level signal or open. 
Vcc1 | Standard serial I/O mode 1: BUSY signal output pin 
P64/RTS1 BUSY output oO l ; 
Standard serial I/O mode 2: Monitors the boot program operation 
sited beets tce uted neater ota ele 
P65/CLK1 SCLK input | | Vcct | Standard serial I/O mode 1: Serial clock input pin 
a plaidaid serial WO mode Slop 
P66/RxD1 RxD input | Vcc1 | Serial data input pin. 
P67/TxD1 TxD output O | Vcc1 | Serial data output pin. (Note 1) 
P70 to P77 Input port P7 | Vcc Input "H" or "L" level signal or open. 
=a to P84, P86,) Input port P8 | | Vcc1 | Input "H" or "L" level signal or open. 
P85/NMI NMI input | Vcc1 | Connect this pin to Vcc. 
P90 to P97 Input port P9 | Vcc1 | Input "H" or "L" level signal or open. (Note 2) 
P100 to P107 Input port P10 | Vcc1 | Input "H" or "L" level signal or open. (Note 2) 
P110 to P117 Input port P11 | Vect Input "H" or "L" level signal or open. (Note 2) 
P120 to P127 Input port P12 | Vcc2 | Input "H" or "L" level signal or open. (Note 2) 
P130 to P137 Input port P13 | Vec2 | Input"H" or "L" level signal or open. (Note 2) 
P140 to P147 Input port P14 | Vcc1 Input "H" or "L" level signal or open. (Note 2) 




















Note 1: When using standard serial input/output mode 1, the TxD pin must be held high while the RESET 
pin is pulled low. Therefore, connect this pin to VCc1 via a resistor. Because this pin is directed for 
data output after reset, adjust the pull-up resistance value in the system so that data transfers will 
not be affected. 

Note 2: Available in only the 128-pin version. 
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Figure 1.27.13. Pin Connections for Serial I/O Mode (1) 
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Figure 1.27.14. Pin Connections for Serial I/O Mode (2) 
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Figure 1.27.15. Pin Connections for Serial I/O Mode (3) 
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Example of Circuit Application in the Standard Serial I/O Mode 
Figure 1.27.16 and 1.27.17 show example of circuit application in standard serial |/(O mode 1 and mode 2, 
respectively. Refer to the user's manual for serial writer to handle pins controlled by a serial writer. 


Microcomputer 


SCLK input P65/CLK1 


TxD output P67/TXD1 


BUSY output P64/RTS1 
RxD input P66/RxD1 


Reset input ) 


User reset 
signal 


(1) Control pins and external circuitry will vary according to programmer. 
For more information, see the programmer manual. 

(2) In this example, modes are switched between single-chip mode and standard serial 
input/output mode by controlling the CNVss input with a switch. 

(3) If in standard serial input/output mode 1 there is a possibility that the user reset 
signal will go low during serial input/output mode, break the connection between 
the user reset signal and RESET pin by using, for example, a jumper switch. 





Figure 1.27.16. Circuit Application in Standard Serial I/O Mode 1 
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Microcomputer 


P65/CLK1 
TXD output P67/TxD1 


Monitor output P64/RTS1 


RxD intput P66/RxD1 


(1) In this example, modes are switched between single-chip mode and standard serial 
input/output mode by controlling the CNVss input with a switch. 





Figure 1.27.17. Circuit Application in Standard Serial I/o Mode 2 
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Parallel l/O Mode 
In parallel input/output mode, the user ROM and boot ROM areas can be rewritten by using a parallel 
programmer suitable for the M16C/62 group (M16C/62P). For more information about parallel program- 
mers, contact the manufacturer of your parallel programmer. For details on how to use, refer to the user’s 
manual included with your parallel programmer. 


User ROM and Boot ROM Areas 

In the boot ROM area, an erase block operation is applied to only one 4 Kbyte block. The boot ROM area 
contains a standard serial input/output mode based rewrite control program which was written in it when 
shipped from the factory. Therefore, when using a serial programmer, be careful not to rewrite the boot 
ROM area. 

When in parallel output mode, the boot ROM area is located at addresses OFF00016 to OFFFFF16. When 
rewriting the boot ROM area, make sure that only this address range is rewritten. (Do not access other 
than the addresses OFF00016 to OFFFFF 16.) 


ROM Code Protect Function 
The ROM code protect function inhibits the flash memory from being read or rewritten. (Refer to the 
description of the functions to inhibit rewriting flash memory version.) 
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Package Dimensions 
100P6S-A MMP. Plastic 100pin 14X20mm body QFP 
EIAJ Package Code JEDEC Code Weight(g) Lead Material M 
QFP100-P-1420-0.65 - 1.58 Alloy 42 ie Is 
ol | oe 






































eso 


Recommended Mount Pad 





Dimension in Millimeters 

















symbo| Min Nom Max 
A - - 3.05 
Ai 0 0.1 0.2 
A2 - 2.8 - 
b 0.25 0.3 0.4 





c 0.13 0.15 0.2 
D 13.8 14.0 14.2 
E 
e 











19.8 20.0 20.2 

- 0.65 = 
Hb 16.5 16.8 17.1 
HE 22.5 22.8 23.1 


















































































































































L 0.4 0.6 0.8 
li - 1.4 - 

x - - 0.13 
y - - 0.1 
6 0° - 10° 
b2 - 0.35 - 
cd a Detail F l2 1.3 = = 
LI Y Mp - 14.6 - 
ME - 20.6 - 

100P6Q-A MMP Plastic 100pin 14X14mm body LQFP 
EIAJ Package Code JEDEC Code Weight(g) Lead Material 





























LQFP100-P-1414-0.50 = 0.63 Cu Alloy 3 00 aa 
| 





Hb 3 


L 
a uw 


Recommended Mount Pad 


























Dimension in Millimeters 




















Symbol Min Nom Max 
A - - 1.7 
Al 0 0.1 0.2 
A2 - 1.4 - 

b 0.13 0.18 0.28 
c 0.105 0.125 0.175 





D 13.9 14.0 14.1 
E 13.9 14.0 14.1 
e = 0.5 - 

















































































































































































































































































































Ho | 15.8 | 16.0 | 162 
ee He | 158 | 160 | 162 
A Lt L 0.3 0.5 0.7 
E kK] Lt a 1.0 is 
__e — Lp 0.45 | 06 0.75 
~L 7 Ag = 0.25 = 
L a = = 7 /_\\ <x x _ = 0.08 
ATE ING } i y = = 04 
: ; 0 0° = 10° 
a1] xX WD L/iy < b2 = 0.225|. — 
: lo 0.9 - - 
Detail F 
-elalr Mp . 14.4 = 
Me = 14.4 = 
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128P6Q-A MMP. Plastic 128pin 14x20mm body LQFP 





EIAJ Package Code JEDEC Code Weight(g) Lead Material 


LOFP128-P-1420-0.50 - Cu Alloy 3) [ood 
| 
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pe} 





| | 
'o| | Ot: 


Recommended Mount Pad 
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Symbol Min Nom Max 

A 1.4 1.5 1.7 

At 0.05 | 0.125| 0.2 

A2 = 1.4 = 

b 0.17 | 0.22 | 0.27 
c 0.105| 0.125] 0.175 

D | 13.9 | 140 14.1 

E 19.9 | 20.0 | 20.1 

e - 0.5 = 

Hp | 15.8 | 16.0 16.2 

He | 21.8 | 220 | 22.2 

A L4 L 0.35 | 0.5 0.65 

c I Li 7 1.0 = 

— i Lp 0.45 0.6 0.75 

< | o) A3 = 0.25 = 
< J ‘| a x = = 0.08 

Ar h | 4 am aa a 
= of 6 0° = B° 

‘ Z| LL b2 = 0.225[  — 

Ei| ¥ | "8 x @ Detail F | Lp l2 = 1.0 = 
ive Mp = 14.4 = 

ME = 20.4 = 
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Differences Between M16C/62P and M16C/62A 
Differences in Mask ROM Version and Flash Memory Version (1) (Note) 


M16C/62P M16C/62A 


Shortest instruction 41.7ns (f(BCLK)=24MHZ, Vcc1=3.0 to 5.5V) | 62.5ns (f(XIN)=16MHZz, Vcc=4.2V to 5.5V) 
execution time 100ns (f(BCLK)=10MHZ, Vcc1=2.7 to 5.5V) | 100ns (f(XIN)=10MHZ, Vcc=2.7V to 5.5V 
with software one-wait 


Supply voltage Vcc1=3.0 to 5.5V, Vcc2=3.0V to Vcct 4.2V to 5.5V (f(XIN)=16MHZz, without 
(f(BCLK)=24MHz) software wait) 
Vcec1=VCC2=2.7 to 5.5V 2.7V to 5.5V (f(XIN)=10MHZ, with software 
f(BCLK)=10MHz one-wait 


I/O power supply Double (Vcc1, Vcc2) Single (Vcc) 
100-pin, 128-pin plastic mold QFP 80-pin, 100-pin plastic mold QEP 


Voltage detection Built-in 

circuit Vdet2, Vdet3, Vdet4 detect 
Voltage down detect interrupt 
Hardware reset 2 


Clock Generating PLL, XIN, XGIN, ring oscillator XIN, XCIN 
Circuit When placed in low power mode, a divide-_ | When placed in low power mode, the 
by-8 value is used for these clocks. The XIN | divide-by-n value for the main clock 
drive capability is set to HIGH. does not change. Nor does the XIN 
drive capability change. 


System clock Built-in None 

protective function (protected by protect register) 
Oscillation stop, Built-in None 

re-oscillation detection 

function 


Low power 18mA (Vcc1=Vcc2=5V, f(BCLK)=24MHz) |32.5mA(Vcc=5V, f(XIN)=16MHz) 
consumption 8mA_ (Vcci=Vcc2=3V, f(BCLK)=10MHz) |8.5mA (Vcc=3V, f(XCIN)=10MHz with 
1.8uA (Voc1=VcCc2=3V, f(XCIN)=32kHz, software one-wait) 
when wait mode) 0.9UA (VCCc=8V, f(XCIN)=32kHz, 
when wait mode) 


Memory area Memory area expandable 1 Mbytes fixed 
(4 Mbytes) 


External device 0400016—07FFF16(PM13=0) 0400016—05FFF16(PM13=0) 
connect area 0800016—-OFFFF16(PM10=0) 0600016—CFFFF16 
1000016—-26F FF 16 D000016—FFFFF16(Microprocessor mode) 
2800016—7FFFF16 
8000016—CFFFF16(PM13=0) 
D000016—FFFFF16(Microprocessor mode) 


Upper address in P40 to P43 (A16 to A19), P34 to P37 (A12 to |P40 to P43 (A16 to A1g) : Switchable between 


memory expansion A15) : Switchable between address bus and | address bus and |/O port 


mode and I/O port Ai2 to A15 : No switchable 
microprocessor mode 


Access to SFR Variable (1 to 2 waits) 1 wait fixed 
) 


Software wait to Variable (0 to 3 waits Variable (0 to 1 wait) 
external area 


Protect Can be set for PMO, PM1, PM2, CMO, Can be set for PMO, PM1, CMO, CM1, 
CM1, CM2, PLCO, INVCO, INVC1, PD9, S3 | PD9, S3C, S4C registers 
C, S4C, TB2SC, PCLKR, VCR2, D4INT 
registers 


Watchdog timer Watchdog timer interrupt or watchdog Watchdog timer interrupt 
timer reset is selected No count source protective mode 
Count source protective mode is available 


Address match 
interrupt 


Note: About the details and the electric characteristics, refer to data sheet. 
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Differences in Mask ROM version and Flash memory version (2) (Note) 

M16C/62P M16C/62A 
Timers A, B count Selectable: f1, f2, fg, f32, fc32 Selectable: f1, fg, £32, fc32 
source 


Timer A two-phase Function Z-phase (counter reset) input No function Z-phase (counter reset) input 
pulse signal 
processing 


Timer functions for Function protect by protect register Function protect by protect register 
three-phase motor Count source is selected: Count source is selected: 
control f1, f2, f8, f32, fc32 f1, f8, £32, fc32 

Dead time timer count source is selected: Dead time timer count source is fixed at f1/2 

f1, f1 divided by 2, f2 , f2 divided by 2 

Three-phase output forcible shutoff function 

based on output polarity change, carrier 

wave phase detection and NMI input is 

available. 


Serial I/O (UART, clock synchronous, I2C bus, IE bus) } (UART, clock synchronous,) x 2 
(UARTO to UART2) x3 (UART, clock synchronous, IIC bus, IE bus) 
x1 


UARTO to UART2, Select from f1slo, f2sio, fssio, f32S10 Select from f1, fg, £32 
$1I/O3, SI/O4 count 
source 


Serial /O RTS | Serial VO RTS timing | | Assert low when receive buffer isread low when | Assert low when receive buffer isread buffer is read Assert low when | Assert low when reception is completed is | Assert low when reception is completed 


aa | separate Have None 
function 


UART2 data transmit | After data was written, transfer starts at the | After data was written, transfer starts at the 
timing = BRG overflow timing 1st BRG overflow timing 
(same as UARTO and UART1) (Output starts one cycle of BRG overflow 
earlier than UARTO and UART1) 


Serial I/O sleep Have 

function 

Serial I/O I2C mode Start condition, stop condition: Start condition, stop condition: 
Auto-generationable Not auto-generationable 

Serial I/O I2C mode Only digital delay is selected as SDA delay | Analog or digital delay is selected as SDA 


SDA delay SDA digital delay count source: BRG delay 
SDA‘ digital delay count source: 1/ f(XIN) 


SI/O3, SI/O4 clock Selectable Fixed 

polarity 

A-D converter 10 bits X 8 channels 10 bits X 8 channels 
Expandable up to 26 channels Expandable up to 10 channels 

A-D converter Selectable: fab, fAD divided by 2, 3, 4, 6, 12 | Selectable: fap, faD/2, faD/4 

operation clock 

A-D converter Select from ports PO, P2, P10 Fixed at port P10 

input pin 


Note: About the details and the electric characteristics, refer to data sheet. 
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Differences in Flash memory version(Note) 
| tem M1 | BCIB2P M16C/62A 


ok ROM blocks 14 ee 4 Kbytes x 3, 8 Kbytes x 3, 7 blocks: 8 Kbytes x 2, 16 Kbytes x1, 
32 Kbytes x1, 64 Kbytes x 7 32 Kbytes x 1, 64 Kbytes x 3 

Flash memory: max. 512 Kbytes Flash memory: max. 256 Kbytes 
| Program manner | manner Word ss 


[Word ss—s—sSsS Pager 


Frere manner command Page program command: none Page program command: have 
(software command) | Program command: have Program command: none 


(program method: in units of word, in units | (program method: in units of page) 
of byte) 


Block status after None Have 

program function 

CPU rewrite EW1 mode is available No EW1 mode 
mode 


Note: About the details and the electric characteristics, refer to data sheet. 
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Register Index 





A I 

ADO toAD7 190 ICTB2 132 

ADCONO 189 IDBO 131 

ADCON1 189 IDB1 131 

ADCON2 190 IFSR_ 89 

ADIC 81 IFSR2A 89 

AIER 92 INTOIC to INT5IC 81 

AIER2 92 INVCO 129 

B INVC1 130 

BCNIC 81 s 

Cc KUPIC 81 

CMO 53 

CM1 54 ONSF 109 

CM2 55 p 

CPSRF 109, 122 

CRCD 205 POtoP13 214 

CRCIN 205 PC14 215 

CSE 40 PCLKR 56 

CSR 34 PCR 217 
PDO toPD13 213 

a PLCO 57 

D4INT 25 PMO 30 

DAO 204 PM1 31 

DA1 204 PM2 56 

DACON 204 PRCR 74 

DARO 99 PURO to PUR2 216 

DAR1 99 PUR3 215 

DBR 44 R 

DMOCON 98 

DMOIC to DM1IC_ 81 RMADO to RMAD3 92 

DMOSL 97 ROMCP 263 

DM1CON 98 S 

DMiSL 98 

DTT 131 SORIC to S2RIC 81 
SOTIC to S2TIC 81 

. S3BRG 183 

FIDR 267 S3C 183 

FMRO 267 S3IC to S4IC_ 81 

FMR1 267 S3TRR 183 
S4BRG 183 
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S4C 183 UCON 143 
S4TRR_ 183 UDF 108 
SARO 99 V 
SAR1 99 

VCR1 25 


T VCGR2 25 
TAO to TA4 108 WwW 

TAOIC to TA4IC 81 

TAOMR to TA4MR_ 107 WDC 24, 94 
TA1 132 WDTS 94 
TA11 132 

TAIMR 134 

TA2 132 

TA21 132 

TA2MR_ 134 

TA4 132 

TA41 132 

TA4MR_ 134 

TABSR- 108, 122, 133 

TBOto TB5 122 

TBOIC to TB5IC 81 

TBOMR to TB5MR_ 121 

TB2 133 

TB2MR_ 134 

TB2SC 132 

TBSR 122 

TCRO 99 

TCR1 99 

TRGSR_ 109, 133 


U 


UOBCNIC to UiBCNIC 81 
UOBRG to U2BRG 140 
U0CO to U2CO 141 

U0C1 to U2C1 142 
UOMR to U2MR_ 141 
UORB to U2RB 140 
UOSMR to U2SMR_ 143 
UOSMR2 to U2SMR2 144 
UOSMR3 to U2SMR3_ 144 
UOSMR4 to U2SMR4_ 145 
UOTB to U2TB 140 
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Date 


Summary 


Jan/31/Y03 Applications are partly revised. 
(Continued) Table 1.1.1 is partly revised. 
Table 1.1.3 is partly revised. 
Figure 1.1.2 is partly revised. 
Explanation of “Memory” is partly revised. 
Explanation of “Hardware Reset 1” is partly revised. 
Figure 1.5.1 is partly revised. 
Figure 1.5.2 is partly revised. 
Figure 1.5.4 is partly revised. 
VCR2 Register in Figure 1.5.6 is partly revised. 
Figure 1.5.6 is partly revised. 
Explanation of “Power Supply Down Detection Interrupt” is partly revised. 
Figure 1.6.1 is partly revised. 
Figure 1.6.2 is partly revised. 
Table 1.7.5 is partly revised. 
Table 1.7.7 is partly revised. 
Figure 1.7.8 is partly revised. 
Explanation of “4 Mbyte Mode” is partly revised. 
Notes 12 and 13 in Figure 1.9.2 is partly revised. 
Notes 2 and 5 in Figure 1.9.3 is partly revised. 
Figure 1.9.4 is partly revised. 
Note 4 in Figure 1.9.6 is partly revised. 
Explanation of “PLL Clock” is partly revised. 
Figure 1.9.9 is partly revised. 
Explanation of “CPU Clock and BCLk’” is partly revised. 
Explanation of “Low-speed Mode” is partly revised. 
Explanation of “Low Power Dissipation Mode” is partly revised. 
Explanation of “Ring Oscillator Low Power Dissipation Mode” is partly revised. 
Table 1.9.3 is partly revised. 
Table 1.9.5 is partly revised. 
Figure 1.9.10 is partly revised. 
Figure 1.9.11 is partly revised. 
Table 1.9.7 is added. 
Explanation of “System Clock Protective Function” is partly revised. 
Explanation of “Power Supply Down Detection Interrupt” is partly revised. 
Table 1.11.1 is partly revised. 
Figure 1.11.9 is partly revised. 
WDTS Register in Figure 1.12.2 is partly revised. 
Figure 1.13.2 is partly revised. 
Figure 1.13.3 is partly revised. 
Figure 1.13.5 is partly revised. 
Table 1.13.3 is partly revised. 
Explanation of “DMA Enable’ is partly revised. 
Figure 1.14.3 is partly revised. 
Table 1.14.3 is partly revised. 
Explanation of “Counter Initialization by Two-Phase Pulse Signal Processing” is 
partly revised. 
Figure 1.14.10 is partly revised. 
Figure 1.14.14 is partly revised. 
Figure 1.14.15 is partly revised. 








REVISION HISTORY M16C/62 GROUP (M16C/62P) Group Hardware Manual 
Date 


Summary 


Jan/31/Y03 Figure 1.15.3 is partly revised. 
(Continued) Figure 1.15.7 is partly revised. 
Figure 1.15.8 is partly revised. 
Figure 1.16.1 is partly revised. 
Figure 1.16.3 is partly revised. 
Note 7 is added to TAi, TAi1 Register in Figure 1.16.5. 
Figure 1.16.8 is partly revised. 
UiSMR2 Register in Figure 1.17.7 is partly revised. 
Figure 1.20.1 is partly revised. 
Table 1.20.2 and Table 1.20.3 are partly revised. 
Figure 1.20.4 is partly revised. 
Explanation of “Arbitration” is partly revised. 
Explanation of “Transfer Clock” is partly revised. 
Explanation of “ACK and NACK’ is partly revised. 
Explanation of “Special Mode 4 (SIM Mode)” is partly revised. 
Table 1.20.9 is partly revised. 
Figure 1.21.1 is partly revised. 
Figure 1.21.4 is partly revised. 
Explanation of “External Operation Amp Connection Mode” is partly revised. 
Explanation of “Caution of Using A-D Converter” is partly revised. 
Figure 1.22.11 is partly revised 
Table 1.23.1 is partly revised. 
Figure 1.23.3 is partly revised. 
Figure 1.25.9 is partly revised. 
Table 1.26.1 is partly revised. 
Table 1.26.2 is partly revised. 
Note 1 of Table 1.26.3 is partly revised. 
Note 1 of Table 1.26.4 is partly revised. 
Table 1.26.6 is partly revised. 
Note 1 of Table 1.26.9 is partly revised. 
Note 1 of Table 1.26.10 is partly revised. 
Measurement conditions of timing requirements are partly revised. 
Table 1.26.11 is partly revised. 
Measurement conditions of timing requirements are partly revised. 
Table 1.26.18 is added. 
Measurement conditions of timing requirements are partly revised. 
Measurement conditions of switching characteristics are partly revised. 
Measurement conditions of switching characteristics are partly revised. 
Measurement conditions of switching characteristics are partly revised. 
Figure 1.26.2 is partly revised. 
Figure 1.26.9 is partly revised. 
Note of Table 1.26.28 is partly revised. 
Figure 1.26.29 is partly revised. 
Measurement conditions of timing requirements are partly revised. 
Table 1.26.30 is partly revised. 
Measurement conditions of timing requirements are partly revised. 
Table 1.26.37 is added. 
Measurement conditions of timing requirements are partly revised. 
Measurement conditions of switching characteristics are partly revised. 
Measurement conditions of switching characteristics are partly revised. 








REVISION HISTORY M16C/62 GROUP (M16C/62P) Group Hardware Manual 


Rev.| Date 
Summary 


Jan/31/Y03 Measurement conditions of switching characteristics are partly revised. 
Figure 1.26.12 is partly revised. 
Figure 1.26.15 is partly revised. 
Figure 1.26.16 is partly revised. 
Figure 1.26.17 is partly revised. 
Figure 1.26.18 is partly revised. 
Figure 1.26.19 is partly revised. 
Figure 1.26.20 is partly revised. 
Explanation of “Memory Map” is partly revised. 
Explanation of “Boot Mode’ is partly revised. 
Figure 1.27.3 is partly revised. 
Note of FIDR Register in Figure 1.27.4 is partly revised. 
Figure 1.27.7 is partly revised. 
Explanation of “Interrupts” is partly revised. 
Explanation of “Writing in the User ROM Space’ is partly revised. 
Table 1.27.4 is partly revised. 
Explanation of “Read Array Command?” is partly revised. 
Explanation of “Program Command’ is partly revised. 
Figure 1.27.15 is partly revised. 
Partly revised. 


0 |May/28/Y03 Table 1.1.1 is partly revised. 
(Continued) Table 1.1.2 and 1.1.3 is partly revised. 
SFR is partly revised. 
Note 1 is partly revised. 
Explanation of “Hardware Reset 1” is partly revised. 
Note 1 is added. 
Figure 1.5.4 is partly revised. 
Note 1 of Figure 1.5.5 is partly revised. 
Figure 1.5.7 is partly revised. 
Table 1.5.2 is partly revised. 
Table 1.5.3 is partly revised. 
Explanation of “1. Limitations on Stop Mode’ is partly revised. 
Explanation of “1. Limitations on WAIT instruction” is partly revised. 
Figure 1.5.8 is partly revised. 
Note is added. 
Explanation of “Multiplexed Bus” is revised. 
Explanation of “(2) Data Bus” is revised. 
Explanation of “(7) Hold Signal” is revised. 
Note 3 of Table 1.7.4 is added. 
Note 4 of Table 1.7.5 is added. 
Explanation of “(10) Software Wait” is revised. 
Table 1.7.7 is revised. 
Table of Figure 1.8.5 is revised. 
Explanation is revised. 
Figures 1.8.7 to 1.8.9 is partly revised. 
Explanation of “Clock Generation Circuit” is revised. 
Figure 1.9.1 is revised. 
Note of Figure 1.9.2 is revised. 
Note 12 is added. 
Explanation of “(1) Main clock” is partly revised. 
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Explanation of “(4) PLL Clock’ is partly revised. 
(Continued) Explanation of “Low power Dissipation Mode” is partly revised. 
Explanation of “Entering Wait mode” is partly revised. 
Explanation of “(3) Stop Mode’ is partly revised. 
Note 9 is added. 
Table 1.9.7 is revised. 
Figure 1.11.1 is revised. 
Note 6 is added. 
Note 2 is added to Figure 1.11.4. 
Table 1.11.5 is partly revised. 
Figure 1.11.6 is partly revised. 
Figure 1.11.8 is partly revised. 
Notes 1 to 2 is added to IFSR register of Figure 1.11.4. 
Explanation of “Address Match Interrupt” is partly revised. 
Figure 1. 11.12 is changed into Table 1.11.6. 
Notes are deleted. (All notes are indicated in “M16C/62 GROUP (M16C/62P) 
USAGE NOTES’). 
Explanation of “Watchdog Timer” is partly revised. 
A formula is added. 
Explanation of “Channel Priority Transfer Timing” is partly revised. 
TRGSR register of Figure 1.14.6 is partly revised. 
Table 1.14.4 is partly revised. 
Figure 1.14.12 is partly revised. 
Figure 1.16.2 is partly revised. 
Figure 1.16.3 is partly revised. 
UOSMR to U2SMR of Figure 1.17.6 is partly revised. 
UOSMR2 to U2SMR2 of Figure 1.17.7 is partly revised. 
“.” of UIBRG of Tables 1.19.2, 1.20.2 and 1.20.8 is changed into “O to 7”. 


Figure 1.20.1 is partly revised. 

Table 1.20.4 is partly revised. Notes 5 to 7 is added. 
Explanation of “Output of Start and Stop Condition” is partly revised. 
Note 2 is added to Table 1.20.9. 

“.” of U2BRG of Table 1.20.10 is changed into “O to 7”. 
Figure 1.20.10 is revised. 

Note of SiC register of Figure 1.21.2 is partly revised. 

Note 2 of Table 1.22.1 is revised. 

Figure 1.22.1 is partly revised. 

Table of ADCONZ2 register of Figure 1.22.3 is partly revised. 
The value of a capacitor of Figure 1.22.10 is changed. 
Notes are deleted. (All notes are indicated in “M16C/62 GROUP (M16C/62P) 
USAGE NOTES’). 

Note 1 of Figures 1.25.1 to 1.25.5 is partly revised. 

Table 1.25.1 and 1.25.2 is revised. 

Figure 1.25.12 is partly revised. 

Table 1.26.3 is partly revised. 

Table 1.26.5 is partly revised. 

Table 1.26.6 is added. 

Table 1.26.9 is partly revised. 

Notes 1 and 2 in Table 1.26.26 is partly revised. 
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1.26.27. 

Note 4 is added to “th(ALE-AD)” in Table 1.26.28. 

Switching Characteristics is partly revised. 

th(WR-AD) and th(WR-DB) in Figure 1.26.5 to 1.5.8 is partly revised. 
th(ALE-AD), th(WR-CS), th(WR-DB) and th(WR-AD) in Figure 1.26.9 to 1.5.10 is 
partly revised. 

Note 2 is added to Table 1.26.29. 

Notes 1 and 2 in Table 1.26.45 is partly revised. 

Notes 1 in Table 1.26.46 is partly revised. 

Note 3 is added to “Data output hold time(refers to BCLK)” in Table 1.26.45 and 
1.26.46. 

Note 4 is added to “th(ALE-AD)” in Table 1.26.47. 

Switching Characteristics is partly revised. 

th(WR-AD) and th(WR-DB) in Figure 1.26.15 to 1.5.18 is partly revised. 
th(ALE-AD), th(WR-CS), th(WR-DB) and th(WR-AD) in Figure 1.26.19 to 1.5.20 is 
partly revised. 

Table 1.27.1 is partly revised. Notes 3 and 4 is added. 

Notes 1 and 2 is added to Table 1.27.2. 

Note 2 is added to Table 1.27.3. 

Notes 1 and 3 of FMRO register of Table 1.27.4 is partly revised. 

Figure 1.27.5 is partly revised. Note 2 is added. 

Figure 1.27.7 is partly revised. 

Figure 1.27.11 is partly revised. 

Figure 1.27.12 is partly revised. 

Table 1.27.7 is partly revised. 
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Keep safety first in your circuit designs! 


+ Renesas Technology Corporation puts the maximum effort into making semiconductor prod- 
ucts better and more reliable, but there is always the possibility that trouble may occur with 
them. Trouble with semiconductors may lead to personal injury, fire or property damage. 
Remember to give due consideration to safety when making your circuit designs, with ap- 
propriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of non- 
flammable material or (iii) prevention against any malfunction or mishap. 
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1.1 Precautions for External Bus 





1. Usage Precaution 


1.1 Precautions for External Bus 
1. The external ROM version can operate only in the microprocessor mode, connect the CNVSs pin to 
VCC1. 


2. When resetting CNVss pin with "H" input, contents of internal ROM cannot be read out. 
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1.2 Precautions for PLL Frequency Synthesizer 





1.2 Precautions for PLL Frequency Synthesizer 
Make the supply voltage stable to use the PLL frequency synthesizer. 
For ripple with the supply voltage 5V, keep below 10kHz as frequency, below 0.5V (peak to peak) as 
voltage fluctuation band and below 1V/mS as voltage fluctuation rate. 
For ripple with the supply voltage 3V, keep below 10kHz as frequency, below 0.3V (peak to peak) as 
voltage fluctuation band and below 0.6V/mS as voltage fluctuation rate. 
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1.3 Precautions for Power Control 





1.3 Precautions for Power Control 
1. When exiting stop mode by hardware reset, set RESET pin to “L” until a main clock oscillation is 
stabilized. 


2. Insert more than four NOP instructions after an WAIT instruction or a instruction to set the CM10 bit of 
CM1 register to “1”. When shifting to wait mode or stop mode, an instruction queue reads ahead to the 
next instruction to halt a program by an WAIT instruction and an instruction to set the CM10 bit to “1” (all 
clocks stopped). The next instruction may be executed before entering wait mode or stop mode, de- 
pending on a combination of instruction and an execution timing. 


3. Wait until the ta(M-L) elapses or main clock oscillation stabilization time, whichever is longer, before 
switching the clock source for CPU clock to the main clock. 
Similarly, wait until the sub clock oscillates stably before switching the clock source for CPU clock to the 
sub clock. 


4. Suggestions to reduce power consumption 

(a) Ports 
The processor retains the state of each I/O port even when it goes to wait mode or to stop mode. A 
current flows in active I/O ports. A pass current flows in input ports that high-impedance state. When 
entering wait mode or stop mode, set non-used ports to input and stabilize the potential. 

(b) A-D converter 
When A-D conversion is not performed, set the VCUT bit of ADICON1 register to “O” (no VREF connec- 
tion). When A-D conversion is performed, start the A-D conversion at least 1 us or longer after setting 
the VCUT bit to “1” (VREF connection). 

(c) D-A converter 
When not performing D-A conversion, set the DAIE bit (i=0, 1) of DACON register to “O” (input inhib- 
ited) and DAi register to “0016”. 

(d) Stopping peripheral functions 
Use the CMO register CM02 bit to stop the unnecessary peripheral functions during wait mode. 
However, because the peripheral function clock (fc32) generated from the sub-clock does not stop, 
this measure is not conducive to reducing the power consumption of the chip. If low speed mode or 
low power dissipation mode is to be changed to wait mode, set the CM02 bit to “O” (do not peripheral 
function clock stopped when in wait mode), before changing wait mode. 

(e) Switching the oscillation-driving capacity 
Set the driving capacity to “LOW” when oscillation is stable. 

(f) External clock 
When using an external clock input for the CPU clock, set the CMO register CMO05 bit to “1” (stop). 
Setting the CM05 bit to “1” disables the XOUT pin from functioning, which helps to reduce the amount 
of current drawn in the chip. (When using an external clock input, note that the clock remains fed into 
the chip regardless of how the CMO05 bit is set.) 
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1.4 Precautions for Protect 





1.4 Precautions for Protect 
Set the PRC2 bit to “1” (write enabled) and then write to any address, and the PRC2 bit will be cleared to “0” 
(write protected). The registers protected by the PRC2 bit should be changed in the next instruction after 
setting the PRC2 bit to “1”. Make sure no interrupts or DMA transfers will occur between the instruction in 
which the PRC2 bit is set to “1” and the next instruction. 
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1.5 Precautions for Interrupts 
1.5.1 Reading address 0000016 


Do not read the address 0000016 in a program. When a maskable interrupt request is accepted, the CPU 
reads interrupt information (interrupt number and interrupt request priority level) from the address 
0000016 during the interrupt sequence. At this time, the IR bit for the accepted interrupt is cleared to “0”. 
If the address 0000016 is read in a program, the IR bit for the interrupt which has the highest priority 
among the enabled interrupts is cleared to “O”. This causes a problem that the interrupt is canceled, or an 
unexpected interrupt request is generated. 


1.5.2 Setting the SP 


Set any value in the SP(USP, ISP) before accepting an interrupt. The SP(USP, ISP) is cleared to ‘000016’ 
after reset. Therefore, if an interrupt is accepted before setting any value in the SP(USP, ISP), the pro- 
gram may go out of control. 

Especially when using NMI interrupt, set a value in the ISP at the beginning of the program. For the first 
and only the first instruction after reset, all interrupts including NMI interrupt are disabled. 


1.5.3 The NMI Interrupt 

1. The NMI interrupt cannot be disabled. If this interrupt is unused, connect the NMI pin to Vcci viaa 
resistor (pull-up). 

2. The input level of the NMI pin can be read by accessing the P8 register’s P8_5 bit. Note that the P8_5 
bit can only be read when determining the pin level in NMI interrupt routine. 

3. Stop mode cannot be entered into while input on the NMI pin is low. This is because while input on the 
NMI pin is low the CM1 register’s CM10 bit is fixed to “0”. 

4. Do not go to wait mode while input on the NMI pin is low. This is because when input on the NMI pin 
goes low, the CPU stops but CPU clock remains active; therefore, the current consumption in the chip 
does not drop. In this case, normal condition is restored by an interrupt generated thereafter. 

5. The low and high level durations of the input signal to the NMI pin must each be 2 CPU clock cycles + 
300 ns or more. 





2RENESAS 


Renesas Technology Corp. 


Renesas microcomputers 


M16C / 62P Group 


1.5 Precautions for Interrupts SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





1.5.4 Changing the Interrupt Generate Factor 
If the interrupt generate factor is changed, the IR bit in the interrupt control register for the changed 
interrupt may inadvertently be set to “1” (interrupt requested). If you changed the interrupt generate factor 
for an interrupt that needs to be used, be sure to clear the IR bit for that interrupt to “O” (interrupt not 
requested). 
“Changing the interrupt generate factor” referred to here means any act of changing the source, polarity 
or timing of the interrupt assigned to each software interrupt number. Therefore, if a mode change of any 
peripheral function involves changing the generate factor, polarity or timing of an interrupt, be sure to 
clear the IR bit for that interrupt to “O” (interrupt not requested) after making such changes. Refer to the 
description of each peripheral function for details about the interrupts from peripheral functions. 
Figure 1.5.1 shows the procedure for changing the interrupt generate factor. 


End of change 


IR bit: A bit in the interrupt control register for the interrupt whose interrupt generate factor is to 
be changed 


Note 1: The above settings must be executed individually. Do not execute two or more settings 
simultaneously (using one instruction). 

Note 2: Use the | flag for the INTi interrupt (i = 0 to 5). 
For the interrupts from peripheral functions other than the INTi interrupt, turn off the 
peripheral function that is the source of the interrupt in order not to generate an interrupt 
request before changing the interrupt generate factor. In this case, if the maskable interrupts 
can all be disabled without causing a problem, use the | flag. Otherwise, use the corresponding 
ILVL2 to ILVLO bit for the interrupt whose interrupt generate factor is to be changed. 

Note 3: Refer to Section 1.1.6, “Rewrite the Interrupt Control Register” for details about the 
instructions to use and the notes to be taken for instruction execution. 





Figure 1.5.1. Procedure for Changing the Interrupt Generate Factor 


1.5.5 INT Interrupt 
1. Either an “L” level of at least tw(INH) or an “H” level of at least tw(INL) width is necessary for the signal 
input to pins INTo through INT5 regardless of the CPU operation clock. 
2. If the POL bit in the INTOIC to INTS5IC registers or the IFSR7 to IFSRO bits in the IFSR register are 
changed, the IR bit may inadvertently set to 1 (interrupt requested). Be sure to clear the IR bit to 0 
(interrupt not requested) after changing any of those register bits. 
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1.5.6 Rewrite the Interrupt Control Register 

(1) The interrupt control register for any interrupt should be modified in places where no requests for that 
interrupt may occur. Otherwise, disable the interrupt before rewriting the interrupt control register. 

(2) To rewrite the interrupt control register for any interrupt after disabling that interrupt, be careful with the 
instruction to be used. 

Changing any bit other than the IR bit 

If while executing an instruction, a request for an interrupt controlled by the register being modified 
occurs, the IR bit in the register may not be set to “1” (interrupt requested), with the result that the 
interrupt request is ignored. If such a situation presents a problem, use the instructions shown below 
to modify the register. 
Usable instructions: AND, OR, BCLR, BSET 


Changing the IR bit 
Depending on the instruction used, the IR bit may not always be cleared to “0” (interrupt not re- 
quested). Therefore, be sure to use the MOV instruction to clear the IR bit. 


(3) When using the | flag to disable an interrupt, refer to the sample program fragments shown below as 
you set the | flag. (Refer to (2) for details about rewrite the interrupt control registers in the sample 
program fragments.) 

Examples 1 through 3 show how to prevent the | flag from being set to “1” (interrupts enabled) before the 

interrupt control register is rewrited, owing to the effects of the internal bus and the instruction queue 

buffer. 


Example 1:Using the NOP instruction to keep the program waiting until 
the interrupt control register is modified 


INT_SWITCH1: 
FCLR | ; Disable interrupts. 
AND.B #00h, 0055h___; Set the TAOIC register to “O016”. 
NOP : 
NOP 
FSET | ; Enable interrupts. 


The number of NOP instruction is as follows. 
PM20=1(1 wait) : 2, PM20=0(2 wait) : 3, when using HOLD function : 4. 


Example 2:Using the dummy read to keep the FSET instruction waiting 


INT_SWITCH2: 
FCLR | ; Disable interrupts. 
AND.B #00h, 0055h _ ; Set the TAOIC register to “0016”. 
MOV.W MEM, RO ; Dummy read. 
FSET | ; Enable interrupts. 


Example 3:Using the POPC instruction to changing the | flag 


INT_SWITCHS: 
PUSHC FLG 
FCLR | ; Disable interrupts. 
AND.B #00h, 0055h _ ; Set the TAOIC register to “0016”. 
POPC FLG ; Enable interrupts. 
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1.5.7 Watchdog Timer Interrupt 
Initialize the watchdog timer after the watchdog timer interrupt occurs. 
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1.6 Precautions for DMAC 


1.6.1 Write to DMAE Bit in DMiCON Register 


When both of the conditions below are met, follow the steps below. 


Conditions 
* The DMAE bit is set to “1” again while it remains set (DMAi is in an active state). 
«A DMA request may occur simultaneously when the DMAE bit is being written. 


Step 1: Write “1” to the DMAE bit and DMAS bit in DMiCON register simultaneously"). 
Step 2: Make sure that the DMAi is in an initial state?) in a program. 
If the DMAi is not in an initial state, the above steps should be repeated. 


Notes: 

“1. The DMAS bit remains unchanged even if “1” is written. However, if “O” is written to this bit, it is set to 
“0” (DMA not requested). In order to prevent the DMAS bit from being modified to “0”, “1” should be 
written to the DMAS bit when “1” is written to the DMAE bit. In this way the state of the DMAS bit 
immediately before being written can be maintained. 

Similarly, when writing to the DMAE bit with a read-modify-write instruction, “1” should be written to 
the DMAS bit in order to maintain a DMA request which is generated during execution. 


*2. Read the TCRi register to verify whether the DMAi is in an initial state. If the read value is equal to a 
value which was written to the TCRi register before DMA transfer start, the DMAi is in an initial state. 
(If a DMA request occurs after writing to the DMAE bit, the value written to the TCRi register is “1”.) If 
the read value is a value in the middle of transfer, the DMAi is not in an initial state. 
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1.7 Precautions for Timers 


1.7.1 Timer A 


1.7.1.1 Timer A (Timer Mode) 

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR 
(i= 0 to 4) register and the TAi register before setting the TAiS bit in the TABSR register to “1” (count 
starts). 

Always make sure the TAiMR register is modified while the TAiS bit remains “0” (count stops) 
regardless whether after reset or not. 


2. While counting is in progress, the counter value can be read out at any time by reading the TAi 
register. However, if the counter is read at the same time it is reloaded, the value “FFFF16” is read. 
Also, if the counter is read before it starts counting after a value is set in the TAi register while not 
counting, the set value is read. 


3. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCR1 bit = “1” (three-phase 
output forcible cutoff by input on NMI pin enabled), the TA10UT, TA2ouT and TA4OuUT pins go to a 
high-impedance state. 
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1.7.1.2 Timer A (Event Counter Mode) 

1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR 
(i = 0 to 4) register, the TAi register, the UDF register, the ONSF register TAZIE, TAOTGL and 
TAOTGH bits and the TRGSR register before setting the TAiS bit in the TABSR register to “1” (count 
starts). 
Always make sure the TAiMR register, the UDF register, the ONSF register TAZIE, TAOTGL and 
TAOTGH bits and the TRGSR register are modified while the TAiS bit remains “0” (count stops) 
regardless whether after reset or not. 


2. While counting is in progress, the counter value can be read out at any time by reading the TAi 
register. However, “FFFF16” can be read in underflow, while reloading, and “000016” in overflow. 
When setting TAi register to a value during a counter stop, the setting value can be read before a 
counter starts counting. Also, if the counter is read before it starts counting after a value is set in the 
TAi register while not counting, the set value is read. 


3. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCR1 bit = “1” (three-phase 
output forcible cutoff by input on NMI pin enabled), the TA10UT, TA20UT and TA40uT pins go to a 
high-impedance state. 
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1.7.1.3 Timer A (One-shot Timer Mode) 
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR 
(i = 0 to 4) register, the TAi register, the ONSF register TAOTGL and TAOTGH bits and the TRGSR 
register before setting the TAiS bit in the TABSR register to “1” (count starts). 
Always make sure the TAiMR register, the ONSF register TAOTGL and TAOTGH bits and the 
TRGSR register are modified while the TAiS bit remains “0” (count stops) regardless whether after 
reset or not. 


2. When setting TAiS bit to “O” (count stop), the followings occur: 
« A counter stops counting and a content of reload register is reloaded. 
¢ TAIOUT pin outputs “L”. 
¢ After one cycle of the CPU clock, the IR bit of TAiIC register is set to “1” (interrupt request). 


3. Output in one-shot timer mode synchronizes with a count source internally generated. When an 
external trigger has been selected, one-cycle delay of a count source as maximum occurs between 
a trigger input to TAiIN pin and output in one-shot timer mode. 


4. The IR bit is set to “1” when timer operation mode is set with any of the following procedures: 
* Select one-shot timer mode after reset. 
* Change an operation mode from timer mode to one-shot timer mode. 
* Change an operation mode from event counter mode to one-shot timer mode. 
To use the timer Ai interrupt (the IR bit), set the IR bit to “O” after the changes listed above have 
been made. 


5. When a trigger occurs, while counting, a counter reloads the reload register to continue counting 
after generating a re-trigger and counting down once. To generate a trigger while counting, gener- 
ate a second trigger between occurring the previous trigger and operating longer than one cycle of 
a timer count source. 


6. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCR1 bit = “1” (three-phase 
output forcible cutoff by input on NMI pin enabled), the TA10UT, TA20uT and TA40uUT pins go to a 
high-impedance state. 
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1.7.1.4 Timer A (Pulse Width Modulation Mode) 


1. 


The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR 
(i = 0 to 4) register, the TAi register, the ONSF register TAOTGL and TAOTGH bits and the TRGSR 
register before setting the TAiS bit in the TABSR register to “1” (count starts). 

Always make sure the TAiMR register, the ONSF register TAOTGL and TAOTGH bits and the 
TRGSR register are modified while the TAiS bit remains “0” (count stops) regardless whether after 
reset or not. 


. The IR bit is set to “1” when setting a timer operation mode with any of the following procedures: 


* Select the PWM mode after reset. 

* Change an operation mode from timer mode to PWM mode. 

* Change an operation mode from event counter mode to PWM mode. 

To use the timer Ai interrupt (interrupt request bit), set the IR bit to “O” by program after the above 
listed changes have been made. 


When setting TAiS register to “O” (count stop) during PWM pulse output, the following action occurs: 
* Stop counting. 

¢ When TAIOUT pin is output “H”, output level is set to “L” and the IR bit is set to “1”. 

¢ When TAIOUT pin is output “L”, both output level and the IR bit remains unchanged. 


. fa low-level signal is applied to the NMI pin when the TB2SC register IVPCR1 bit = “1” (three-phase 


output forcible cutoff by input on NMI pin enabled), the TA10UT, TA20UT and TA4OuT pins go to a 
high-impedance state. 
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1.7.2 Timer B 


1.7.2.1 Timer B (Timer Mode) 
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBIMR 
(i = 0 to 5) register and TBi register before setting the TBiS bit in the TABSR or the TBSR register to 
“4” (count starts). 
Always make sure the TBiMR register is modified while the TBiS bit remains “0” (count stops) 
regardless whether after reset or not. 


2. A value of a counter, while counting, can be read in TBi register at any time. “FFFF16” is read while 
reloading. Setting value is read between setting values in TBi register at count stop and starting a 
counter. 
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1.7.2.2 Timer B (Event Counter Mode) 
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TBIMR 
(i = 0 to 5) register and TBi register before setting the TBiS bit in the TABSR or the TBSR register to 
“1” (count starts). 
Always make sure the TBiMR register is modified while the TBiS bit remains “O” (count stops) 
regardless whether after reset or not. 


2. The counter value can be read out on-the-fly at any time by reading the TBi register. However, if this 
register is read at the same time the counter is reloaded, the read value is always “FFFF16.” If the 
TBi register is read after setting a value in it while not counting but before the counter starts count- 
ing, the read value is the one that has been set in the register. 
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1.7.2.3 Timer B (Pulse Period/pulse Width Measurement Mode) 


1. 


The timer remains idle after reset. Set the mode, count source, etc. using the TBiMR (i = 0 to 5) 
register before setting the TBiS bit in the TABSR or the TBSR register to “1” (count starts). 
Always make sure the TBiMR register is modified while the TBiS bit remains “0” (count stops) 
regardless whether after reset or not. To clear the MR3 bit to “O” by writing to the TBiMR register 
while the TBiS bit = “1” (count starts), be sure to write the same value as previously written to the 
TMODO, TMOD1, MRO, MR1, TCKO and TCK1 bits and a 0 to the MR2 bit. 


. The IR bit of TBilC register (i=0 to 5) goes to “1” (interrupt request), when an effective edge of a 


measurement pulse is input or timer Bi is overflowed. The factor of interrupt request can be deter- 
mined by use of the MR bit of TBiMR register within the interrupt routine. 


. If the source of interrupt cannot be identified by the MR3 bit such as when the measurement pulse 


input and a timer overflow occur at the same time, use another timer to count the number of times 
timer B has overflowed. 


. To set the MR3 bit to “0” (no overflow), set TBiMR register with setting the TBiS bit to “1” and 


counting the next count source after setting the MR3 bit to “1” (overflow). 


. Use the IR bit of TBilC register to detect only overflows. Use the MR3 bit only to determine the 


interrupt factor within the interrupt routine. 


. When a count is started and the first effective edge is input, an indeterminate value is transferred to 


the reload register. At this time, timer Bi interrupt request is not generated. 


. Avalue of the counter is indeterminate at the beginning of a count. MR3 may be set to “1” and timer 


Bi interrupt request may be generated between a count start and an effective edge input. 


. For pulse width measurement, pulse widths are successively measured. Use program to check 


whether the measurement result is an “H” level width or an “L” level width. 


1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR 
(i = 0 to 5) register and the TBi register before setting the TABSR register or TBiS bit in the TBSR 


register to “1” (count starts). 


Always make sure the TBiMR registe is modified while the TBiS bit remains “0” (count stops) re- 


gardless whether after reset or not. 
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1.8 Precautions for Serial I/O (Clock-synchronous Serial I/O) 


1.8.1 Transmission/reception 
1. With an external clock selected, and choosing the RTS function, the output level of the RTSi pin goes 
to “L” when the data-receivable status becomes ready, which informs the transmission side that the 
reception has become ready. The output level of the RTSi pin goes to “H” when reception starts. So if 
the RTSi pin is connected to the CTSi pin on the transmission side, the circuit can transmission and 
reception data with consistent timing. With the internal clock, the RTS function has no effect. 


2. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCR1 bit = “1” (three-phase 
output forcible cutoff by input on NMI pin enabled), the RTS2 and CLK2 pins go to a high-impedance 
state. 
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1.8.2 Transmission 

When an external clock is selected, the conditions must be met while if the UiCO register’s CKPOL bit = 
“O” (transmit data output at the falling edge and the receive data taken in at the rising edge of the transfer 
clock), the external clock is in the high state; if the UiCO registers CKPOL bit = “1” (transmit data output at 
the rising edge and the receive data taken in at the falling edge of the transfer clock), the external clock is 
in the low state. 

¢ The TE bit of UiC1 register= “1” (transmission enabled) 

¢ The TI bit of UiC1 register = “O” (data present in UiTB register) 

+ If CTS function is selected, input on the CTSi pin = “L” 
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1.8.3 Reception 
1. In operating the clock-synchronous serial I/O, operating a transmitter generates a shift clock. Fix set- 
tings for transmission even when using the device only for reception. Dummy data is output to the 
outside from the TxDi pin when receiving data. 


2. When an internal clock is selected, set the UiC1 register (i = 0 to 2)’s TE bit to 1 (transmission enabled) 
and write dummy data to the UiTB register, and the shift clock will thereby be generated. When an 
external clock is selected, set the UiC1 register (i = 0 to 2)’s TE bit to 1 and write dummy data to the 
UiTB register, and the shift clock will be generated when the external clock is fed to the CLKi input pin. 


3. When successively receiving data, if all bits of the next receive data are prepared in the UARTIi receive 
register while the UiC1 register (i = 0 to 2)’s RE bit = “1” (data present in the UiRB register), an overrun 
error occurs and the UiRB register OER bit is set to “1” (overrun error occurred). In this case, because 
the content of the UIRB register is indeterminate, a corrective measure must be taken by programs on 
the transmit and receive sides so that the valid data before the overrun error occurred will be retransmit- 
ted. Note that when an overrun error occurred, the SiRIC register IR bit does not change state. 


4. To receive data in succession, set dummy data in the lower-order byte of the UiTB register every time 
reception is made. 


5. When an external clock is selected, the conditions must be met while if the CKPOL bit = “O”, the 
external clock is in the high state; if the CKPOL bit = “1”, the external clock is in the low state. 
« The RE bit of UiC1 register= “1” (reception enabled) 
¢ The TE bit of UiC1 register= “1” (transmission enabled) 
* The TI bit of UiC1 register= “O” (data present in the UITB register) 
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1.9 Precautions for Serial l/O (UART Mode) 


1.9.1 Special Mode 2 
If a low-level signal is applied to the NMI pin when the TB2SC register IVPCR1 bit = 1 (three-phase output 
forcible cutoff by input on NMI pin enabled), the RTS2 and CLK2 pins go to a high-impedance state. 


1.9.2 Special Mode 4 (SIM Mode) 
A transmit interrupt request is generated by setting the U2C1 register U2IRS bit to “1” (transmission 
complete) and U2ERE bit to “1” (error signal output) after reset. Therefore, when using SIM mode, be 
sure to clear the IR bit to “O” (no interrupt request) after setting these bits. 
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1.10 Precautions for A-D Converter 
1. Set ADCONO (except bit 6), ADCON1 and ADCON2 registers when A-D conversion is stopped (before 
a trigger occurs). 


2. When the VCUT bit of ADCON1 register is changed from “0” (Vref not connected) to “1” (Vref con- 
nected), start A-D conversion after passing 1 us or longer. 


3. To prevent noise-induced device malfunction or latchup, as well as to reduce conversion errors, insert 
capacitors between the AVCc, VREF, and analog input pins (ANi(i=0 to 7)ANOi, AN2i) each and the 
AVSs pin. Similarly, insert a capacitor between the Vcc1 pin and the Vss pin. Figure 1.10.1 is an ex- 
ample connection of each pin. 


4. Make sure the port direction bits for those pins that are used as analog inputs are set to “O” (input 
mode). Also, if the ADCONO register’s TGR bit = 1 (external trigger), make sure the port direction bit for 
the ADTRG pin is set to “O” (input mode). 


5. When using key input interrupts, do not use any of the four AN4 to AN7 pins as analog inputs. (A key 
input interrupt request is generated when the A-D input voltage goes low.) 


6. The AD frequency must be 10 MHz or less. Without sample-and-hold function, limit the ®AD frequency 
to 250kHZ or more. With the sample and hold function, limit the AD frequency to 1MHZ or more. 


7. When changing an A-D operation mode, select analog input pin again in the CH2 to CHO bits of 
ADCONDO register and the SCAN1 to SCANO bits of ADCON1 register. 


Microcomputer 











ANi: ANi, ANoi, and AN2i (i=0 to 7) 


Note 1: C120.47uF, C2>0.47uF, C32100pF, C420.1pnF, C5>0.1uF (reference) 
Note 2: Use thick and shortest possible wiring to connect capacitors. 





Figure 1.10.1. Use of capacitors to reduce noise 
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8. If Vcc2 < Vcc1, do not use ANoo to ANo7 and AN2o0 to AN27 as analog input pins. 


9. If the CPU reads the ADi register (i = 0 to 7) at the same time the conversion result is stored in the ADi 
register after completion of A-D conversion, an incorrect value may be stored in the ADi register. This 
problem occurs when a divide-by-n clock derived from the main clock or a subclock is selected for CPU 
clock. 

« When operating in one-shot or single-sweep mode 
Check to see that A-D conversion is completed before reading the target ADi register. (Check the 
ADIC register’s IR bit to see if A-D conversion is completed.) 

« When operating in repeat mode or repeat sweep mode 0 or 1 
Use the main clock for CPU clock directly without dividing it. 


10. If A-D conversion is forcibly terminated while in progress by setting the ADCONO register’s ADST bit 
to “0” (A-D conversion halted), the conversion result of the A-D converter is indeterminate. The contents 
of ADi registers irrelevant to A-D conversion may also become indeterminate. If while A-D conversion is 
underway the ADST bit is cleared to “0” in a program, ignore the values of all ADi registers. 
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1.11 Precautions for Programmable I/O Ports 
1. If a low-level signal is applied to the NMI pin when the TB2SC register IVPCR1 bit = “1” (three-phase 
output forcible cutoff by input on NMI pin enabled), the P72 to P75, P80 and P81 pins go to a high- 
impedance state. 


2. Setting the SM32 bit in the S3C register to “1” causes the P92 pin to go to a high-impedance state. 
Similarly, setting the SM42 bit in the S4C register to “1” causes the P96 pin to go to a high-impedance 
state. 


3. The input threshold voltage of pins differs between programmable input/output ports and peripheral 
functions. 
Therefore, if any pin is shared by a programmable input/output port and a peripheral function and the 
input level at this pin is outside the range of recommended operating conditions VIH and VIL (neither 
“high” nor “low”), the input level may be determined differently depending on which side—the program- 
mable input/output port or the peripheral function—is currently selected. 
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1.12 Electric Characteristic Differences Between Mask ROM and Flash Memory Version Microcomputers 
Flash memory version and mask ROM version may have different characteristics, operating margin, noise 
tolerated dose, noise width dose in electrical characteristics due to internal ROM, different layout pattern, 


etc. When switching to the mask ROM version, conduct equivalent tests as system evaluation tests con- 
ducted in the flush memory version. 
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1.13 Precautions for Flash Memory Version 


1.13.1 Precautions for Functions to Inhibit Rewriting Flash Memory Rewrite 
ID codes are stored in addresses OFFFDF16, OFFFE316, OFFFEB16, OFFFEF 16, OFFFF316, OFFFF716, 
and OFFFFBie. If wrong data are written to theses addresses, the flash memory cannot be read or written 
in standard serial I/O mode. 
The ROMCP register is mapped in address OFFFFF ‘16. If wrong data is written to this address, the flash 
memory cannot be read or written in parallel I/O mode. 
In the flash memory version of microcomputer, these addresses are allocated to the vector addresses (H) 
of fixed vectors. 


1.13.2 Precautions for Stop mode 
When shifting to stop mode, the following settings are required: 
* Set the FMR01 bit to “O” (CPU rewrite mode disabled) and disable DMA transfers before setting the 
CM10 bit to “1” (stop mode). 
* Execute the JMP.B instruction subsequent to the instruction which sets the CM10 bit to “1” (stop 
mode) 
Example program BSET 0, CM1 ; Stop mode 
JMP.B L1 
L1: 
Program after returning from stop mode 


1.13.3 Precautions for Wait mode 


When shifting to wait mode, set the FMR01 bit to “O” (CPU rewrite mode diabled) before executing the 
WAIT instruction. 


1.13.4 Precautions for Low power dissipation mode, ring oscillator low power dissipation mode 


If the CMO5 bit is set to “1” (main clock stop), the following commands must not be executed. 
* Program 

* Block erase 

¢ Erase all unlocked blocks 

* Lock bit program 


1.13.5 Writing command and data 
Write the command code and data at even addresses. 


1.13.6 Precautions for Program Command 
Write ‘xx4016’ in the first bus cycle and write data to the write address in the second bus cycle, and an 
auto program operation (data program and verify) will start. Make sure the address value specified in the 
first bus cycle is the same even address as the write address specified in the second bus cycle. 
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1.13.7 Precautions for Lock Bit Program Command 
Write ‘xx7716’ in the first bus cycle and write ‘xxD016’ to the uppermost address of a block (even address, 
however) in the second bus cycle, and the lock bit for the specified block is cleared to “O”. Make sure the 
address value specified in the first bus cycle is the same uppermost block address that is specified in the 
second bus cycle. 


1.13.8 Operation speed 


Before entering CPU rewrite mode (EWO or EW1 mode), select 10 MHz or less for CPU clock using the 
CMO register’s CMO6 bit and CM1 register’s CM17-6 bits. Also, set the PM1 register’s PM17 bit to 1 (with 
wait state). 


1.13.9 Instructions inhibited against use 
The following instructions cannot be used in EWO mode because the flash memory’s internal data is 
referenced: UND instruction, INTO instruction, JMPS instruction, JSRS instruction, and BRK instruction 


1.13.10 Interrupts 


EWO Mode 

¢ Any interrupt which has a vector in the variable vector table can be used providing that its vector is 
transferred into the RAM area. 

* The NMI and watchdog timer interrupts can be used because the FMRO register and FMR1 regis- 
ter are initialized when one of those interrupts occurs. The jump addresses for those interrupt 
service routines should be set in the fixed vector table. 

Because the rewrite operation is halted when a NMI or watchdog timer interrupt occurs, the rewrite 
program must be executed again after exiting the interrupt service routine. 

* The address match interrupt cannot be used because the flash memory’s internal data is refer- 
enced. 

EW1 Mode 

¢ Make sure that any interrupt which has a vector in the variable vector table or address match 
interrupt will not be accepted during the auto program or auto erase period. 

¢ Avoid using watchdog timer interrupts. 

* The NMI interrupt can be used because the FMRO register and FMR1 register are initialized when 
this interrupt occurs. The jump address for the interrupt service routine should be set in the fixed 
vector table. 

Because the rewrite operation is halted when a NMI interrupt occurs, the rewrite program must be 
executed again after exiting the interrupt service routine. 


1.13.11 How to access 
To set the FMR0O1, FMRO2, or FMR11 bit to “1”, write “O” and then “1” in succession. This is necessary to 
ensure that no interrupts or DMA transfers will occur before writing “1” after writing “O”. Also only when 
NMI pin is “H” level. 
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1.13.12 Writing in the user ROM area 
EWO0O Mode 
¢ If the power supply voltage drops while rewriting any block in which the rewrite control program is 
stored, a problem may occur that the rewrite control program is not correctly rewritten and, conse- 
quently, the flash memory becomes unable to be rewritten thereafter. In this case, standard serial 
I/O or parallel I/O mode should be used. 
EW1 Mode 
* Avoid rewriting any block in which the rewrite control program is stored. 


1.13.13 DMA transfer 
In EW1 mode, make sure that no DMA transfers will occur while the FMRO registers FMROO bit = 0 
(during the auto program or auto erase period). 


1.13.14 Regarding Programming/Erasure Times and Execution Time 


As the number of programming/erasure times increases, so does the execution time for software com- 
mands (Program, Block Erase, Erase All Unlock Blocks, and Lock Bit Program). Especially when the 
number of programming/erasure times exceeds 1,000, the software command execution time is notice- 
ably extended. Therefore, the software command wait time that is set must be greater than the maximum 
rated value of electrical characteristics. 

The software commands are aborted by hardware reset 1, hardware reset 2, NMI interrupt, and watchdog 
timer interrupt. If a software command is aborted by such reset or interrupt, the block that was in process 
must be erased before reexecuting the aborted command. 
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2. Differences Made Depending on Manufactured Time 


2.1 Vdet2 Detection 
The present version of the products may not detect the Vdet2 voltage in the voltage detection circuit prop- 
erly. Therefore, the followings should be noted. 

(1) When the VC25 bit in the VCR2 register is set to “1” (enabling the RAM retention limit detection 
circuit), the present version may not be reset even if the voltage at the Vcc1 input pin drops below 
Vdet2. 

(2) The WD5 bit in the WDC register may not change properly. 


Supplementary Explanation 
Normally, during the stop mode, the Vdet3 voltage is not detected, and thus no reset is generated even 
when the input voltage at the Vcc pin drops to Vdet3 or less. Therefore, if the microcomputer is not reset 
when the Vcc1 voltage drops below Vdet2 due to the reason described in the above No.1, the microcom- 
puter cannot get out of the stop mode with Hardware Reset 2. 
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2.2 RESET Input 
Ensure that pin RESET must hold valid-low state during powering-up. 
When using a reset IC, use a CMOS type IC. When using an open-drain type reset IC, insert a capacitor 
between the reset input and Vss and a resistor between the input and Vcc respectively. The R-C time 
constant of the capacitor and resistor must provide a low state at least 10 times longer than the Vcc rise 


time. 
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2.3 Serial I/O 


For the RxDi input setup time, refer to the rated values shown below, as well as Electrical Characteristics 
Table 1.26.23, “Serial I/O,” and Table 1.26.42, “Serial I/O,” in the Hardware Manual. 


Table2.3.1. Serial I/O (Vcc1=Vcc2=5V) 


Standard Unit 





Symbol Parameter 





Min. Max. 
RxDi input setup time | of ns 


Note: Refer to “Table 1.26.23. Serial I/O of the Electrical Characteristics in the Hardware Manual”. 


Table2.3.2. Serial I/O (Vcc1=Vcc2=3V) 


Standard ; 
Symbol Parameter Unit 
Max. 





Min. 
RxDi input setup time | io] |_| 


Note: Refer to “Table 1.26.42. Serial I/O of the Electrical Characteristics in the Hardware Manual”. 








=tENESAS 


30 Renesas Technology Corp. 


REVISION HISTORY M16C/62 GROUP (M16C/62P) USAGE NOTES 


Rev.| Date 
Summary 


ev. 
1.0 |Jan/31/Y03 Figure 1.1.1 is partly revised. 
The section “1.3 Precautions for DMAC” is added. 
The section “1.4.1 Timers A and B” is added. 
The section “1.4.3.2 Timer B (Pulse Period/Pulse Width Measurement Mode” is 
partly revised. 
The section “1.5.3 Reception” is partly revised. 
The section “1.6 Precautions for Serial I/O (UART Mode, Special Mode 2)” is partly 
revised. 
The section “1.8 Precautions for Power Control” is partly revised. 
The section “1.11.1 Precautions for Functions to Inhibit Rewriting Flash Memory 
Rewrite” is partly revised. 
The section “1.11.2 Precautions for Program Command?’ is partly revised. 
The section “1.12 Precautions for PLL Frequency Synthesizer’ is partly revised. 
10 


1 A written order is all changed. 

The written order of the section “1.5 Precautions for Interrupt” is changed. 

The section “1.5.2 Setting the SP” is added. 

The section “1.5.4 Changing the Interrupt Generate Factor’ is added. 

Figure 1.5.1 is revised. 

The section “1.5.5 INT Interrupt” is revised. 

The section “1.5.6 Rewrite the Interrupt Control Register” is revised. 

The text of the section “1.7 Precautions for Timers” and the section “1.7.1 Timer A” 
is deleted. 

“1.” of the section “1.7.1.1 Timer A (Timer Mode)” to “1.7.1.4 Timer A (Pulse Width 
Modulation Mode)”is revised. 

“1.” of the section “1.7.2.1 Timer B (Timer Mode)” is revised. 

“1.” of the section “1.7.2.2 Timer B (Event Counter Mode)” is added. 

“1.” of the section “1.7.2.3 Timer B (Pulse Period/Pulse Width Measurement Mode)” 
is revised. 

The section “1.9.2 Special Mode 4 (SIM Mode)” is added. 

Figure 1.10.1 is revised. 

A written order is changed. 

“2.” of the section “1.11 Precautions for Programmable I/O Ports” is revised. 

The written order of the section “1.13 Precautions for Flash Memory Version” is 
changed. 

The section “1.13.14 Regarding Programming/Erasure Times and Execution Time’ 
is added. 

The section “2.2 RESET Input” is added. 

The section “2.3 Serial I/O” is added. 
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